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THE ACQUISITION OF SKILL IN INFANCY* 

From the dime of Chid Development , Yale University 


H M. Halverson 


The scarcity of information of a specific nature on the manner in 
which infants early acquiic motor skill 1 prompts the writer in under¬ 
taking an investigation which will show how infants attain profi¬ 
ciency in one of the manual skills Of all gross skills acquired in 
childhood, proficiency in the use of the hands perhaps develops eailicst 
in life, Prehension attains a state of development at 60 weeks winch 
closely resembles adult prehension In spite of the great disparity 
in their structural and functional development, a comparison of the 
manner m which infants of 60 weeks and adults manipulate objects 
of various shapes reveals no outstanding difference in grasping (14, 
P S9). 

The importance of the arm and hand in the acquisition of early 
peiceptions of space and mass is amply discussed in an earliei papei 
(13, pp. 113-119, 254-260). It is undoubtedly because of its ad¬ 
vantage of location at the end of a long limb, its generous equipment 
of cutaneous sense-organs, its capacity for high coordination with 
vision, its freedom of operation, and its flexibility by virtue of the 
independent action of its five deft digits that the hand early attains 
a place of majoi importance in infancy. Rapid increase in the de¬ 
velopment of tnotoi skill by the hand is absolutely essential to noimal 
growth as it is only by such development that the infant can acqunc 
adequate knowledge of his envuonment. Backwardness in develop¬ 
ment of skill m the use of this prehensile organ must nccessanly result 
in retardation of mental development 

Skilled movements, such as reaching, are on the boundary line 
between voluntaiy and automatic action Reaching starts as a slow- 
ly acquired voluntary movement and during development becomes 
more and more automatic in accordance with the physiological law 
of facilitation The infant who, aftei seeing an object placed before 

^Accepted foi publication by Carl Murchison of the Editorial Board and 
received in the Editoiial Oflice, February 2, 1933 

Studies in motoi skill in early infancy nrc cited m an enrliei study (13, 
PP 231-28+) 
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him, attends another activity while lie completes the cntiic reaching 
movement accurately has not only icachcd a high state of proficiency 
in leaching but Ins movements are so highly automatized with re¬ 
spect to this type of activity that he requires no visual aid during the 
progress of the approach in attaining the object. The fact that 
unattended accurate reaching occtus in the fust year of life (13, p. 
222) shows that in this type of motor skill eye-hand coordination 
has developed to the point where the infant may engage in motor 
activities which require a considerable degree of icfincincnt of visuo- 
motor action, i.c., building block towers, budges, etc. 

A study of the acquisition of motor skill in infants differs funda¬ 
mentally from a similar study in adults in that infants have no large 
reserve stock of learned motor acts upon which they may draw in 
the building-up of a skilled movement Activities of infants of tile 
age (12 weeks) at which this study begins are still stiongly dominated 
by reflex movements. Development will not occur by means of a 
remolding into a new form a set of practiced motor acts, but by 
the modeling of a new movement from acts which arc in the m,un 
yet to be acquired. The process then is m large part a modification 
and fusion of a set of reflex and acquired activities, i elated and un¬ 
related functionally, into a fluent movement coitically controlled. 

Inasmuch as our investigation is a study of skill in leaching and 
this activity attains a high dcgiee of perfection in the fust ycai of 
life (14, p, 61), we confront the infant with a relatively difficult 
situation. Fust of all, the situation must induce the reaching activi¬ 
ty One accomplishes this end by placing befoie the infant an object 
of which he desires possession. Secondly, the object must be suffi¬ 
ciently large so that it is easily visible and small enough so that the 
infant will direct the leaching movement towaul the total object 
and not towaid some portion of it. The pellet which measures 7 
mm. in its horizontal diameter and 3 mm. in height fulfills these 
requirements with lcspect to lure and size The use of an object 
of this size lends validity to our data because, inasmuch as the pellet 
roughly approximates a point in space, one obtains fairly accurate 
measurements of the peregrinations of the hand in reaching move¬ 
ments with respect to the object. 

At 12 weeks the 1-inch cube is substituted for the pellet for the 
following reasons At this age no infants icacli foi the pellet and 
only three of six infants give overt indications that they sec it, whcie- 
as all of them regard a huger object (13, pp, 133-135). The study 
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is an investigation not of regard, as such, but of reaching. Large 
objects in plain view induce reaching movements in infants who do 
not react to small objects which are not plainly visible. Under the 
conditions of our experiment the size of the cube for a 12-wceks in¬ 
fant is not incomparable with the magnitude of the pellet foi older 
infants with respect to visibility Finally, at this age leaching move¬ 
ments never lead to success in contacting with the object and, regard¬ 
less of the size and form of objects, no differentiation in grasping 
occurs which might altei the diicction of the reaching activity. 
(See p 27.) 

Concietcly, the investigation deals with the following problems, 
the accuiacy of reaching movements m infancy, the course of accurate 
movements, the natuie of earliest reaching movements and their 
development, the natuie of eriors in reaching, whether any uni¬ 
formity in the natuie of the eirors at a given age occurs, the direction 
of the crrois, the nature of their corrections, the tiansfoimation of 
reaching patterns, the speed of movement; and the relative usefulness 
of the parts of the aim and tiunk in 1 caching activities 

Method, Subjects, Procedure 

The method of seating the child before the table, the picscntation 
of the pellet, and the study of the cinema film aic identical with the 
proceduie detailed in full and followed in the cailier study of pre¬ 
hension (13, pp. 122-132). 

Eight infants who come regularly for the normative examinations 
(9) serve throughout as subjects for our study Six infants com¬ 
pose the gioup at 12 weeks The other two infants join the group 
at 16 and' 20 weeks. After this time the only absentees are CB at 
52 weeks, EE at 56 weeks, and CB, HE, and JL at 60 weeks. 

We piesent heiewith a brief descnption of each infant in so far 
as it pertains to motor activity of the arms. Six infants have long 
nimble fingers HE and JF have rathci pudgy hands and digits 
which function somewhat clumsily in grasping CB is a huge and 
active infant who reaches vigoiously for objects at an early age. 
BB is slendei and veiy active Her speed in plunging forwaid fm 
objects is often a serious handicap to accuiate reaching JC is a 
large infant who moves nicely in teaching EE often ficts but she 
is deliberate and accuiate in the use of hci hands. JL is just fair in 
reaching At times he docs very well, at times he does pooily. BM 
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executes arm movements nicely His hniids and fingers function pai- 
ticularly well in manipulation of objects 

The younger infants sit in a small moriis cliaii with a wide can¬ 
vas belt about the lower chest. When they are 40 weeks old, they 
sit unassisted bcfoie the table. The pellet is placed on the table 
before the infant at a distance of 6j4 inches from the near edge. 
If the pellet is not procured within 9 seconds ii is moved to a point 
3 }i inches horn the near edge and the infant lb given 10 additional 
seconds to reach the pellet. A motion-pictuic cnmeia recouls the 
infant’s behavior during the situation 2 

The infant begins this experiment with little pmcticc in any foim 
of motor skill, hence the acquisition of skill in his case is an entirely 
new experience, He receives no tunning as such in reaching. Din¬ 
ing Ins examination, while he is seated at the table, sevcml objects, 
varying greatly in size, are presented at intervals at the same point, 
i.e, 6 y2 inches immediately in front of him. Thcrcfoic, his Gain¬ 
ing , which consists laigcly in the development of motor corn dination 
in its relation to visual space, occuis as a result of his icactions to 
objects about him in the home, 

Mbthod of Study 

The cinema records arc studied in motion and by stilling the 
successive frames of the film. The method is adequately stated in a 
previous investigation (13, pp. 129-131). Recouls secured by visual 
observation of the infants supplement the cinema data. 

Discussion or Results 

The reaching reaction iccmdcd foi each infant is the movement in 
which the infant gets nearest to the pellet. The movement begins 
when the hand or any portion of it leaves its position of icst for the 
pellet and ends when the hand comes to a complete stop or is with¬ 
drawn in favoi of some other activity (13, pp 162-169). In early 
infancy an approach may consist of a single movement in one general 
duection oi a series of lateral-medial sweeps on or above the table 
In later infancy an approach is usually a forward movement which 
terminates at or near the pellet. In early infancy visual regaid foi 

A full description of the photographic apparatus, the position of the 
camera with respect to the infant* and the lines on tUc table top which a id 
in plotting the course of the infant's hand in reaching appeals in earlier 
studies (13, pp 123-129) 
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the pellet continues to the end of reaching movement. In later in¬ 
fancy regard for the pellet may be momentauly interrupted during 
the approach 01 may shift to another object without seriously mter- 
feiing with the completion of the reaching movement For ex¬ 
ample, 1313 at 56 weeks, after a cursory legard for the pellet, looks 
at the examiner and then starts reaching for it BIl’s rcgaid goes 
back to the pellet only at the completion of the approach These 
facts concerning leaching in later infancy point to a high central 
correlation between incoming proprioceptive impulses and outgoing 
effector impulses, which insures cooperation of the appiopnatc mus¬ 
cles in tile reaching reaction Infants of all ages occasionally have 
one hand resting on the table while the othci hand reaches for the 
pellet In the case of the younger infants, the resting hand serves 
as a stabilizing agent for the trunk. With infants of 1 year a hand 
so placed perhaps exercises some steadying influence on the course of 
the reaching hand 


The Analytic Data 

Table 1 presents in full the icsults of a complete analysis of cer¬ 
tain aspects of the reaching movements by the individual infants at 
13 successive ages, i.c M 12 to 60 weeks. The table deals patticulaily 
with lateral and forward movements of the hand during the reaching 
activity, the distance to the goal at the completion of the approach, 
the nearest point to the goal at any stage of the approach, the time 
in cinema frames (13, p. 130) consumed, and the amount of elbow 
extension in each case. The initials of the infants appear at the 
left of tlie table The figures and dcsciiptive data foi each infant 
arc opposite lus initials in columns undci the seveial items studied. 
The 13 age groups are clearly set off and the median, range, and 
other measures of the items for each gioup appeal in the space below 
the individual measures of the group 

If one considers development of motor skill from the point of view 
of the number of times infants deviate fiom a straight line m leaching 
for the pellet, the range of these measures and the median comhine 
to show that the number of lateral digiessions deci eases giadually, 
although irrcgulaily, during the fiist year of life The laige amount 
of lateial gi oping below the age of 32 weeks is not suipusing, because 
up to this age infants seldom acquire the elusive pellet. With the 
exception of HE at 36 weeks no unusual numbci of digressions occui 
at the later ages. The great number of digressions by CI3 in caily 
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infancy arises as the result of vigorous reaching by an unusually ac¬ 
tive child 

In later infancy digiessions do not occui singly Usually the hand 
moves out slightly to the side during the approach and then moves in 
medianly toward the pellet near the conclusion of the reaching le- 
action Reaching without some lateial digression docs not occur. 
In four instances the digiession is less than 0 5 inch but, inasmuch as 
no finer measures are used, is recoided a& 0 5 inch This ranking 
does not distinguish these digiessions from the legular 0 5-inch type 

The amount of lateral deviation, according to the median and 
lange of the measures, increases with age up to 24 weeks and then 
diminishes until 40 weeks. From 40 to 60 weeks the digiession 
is uniformly small The amount of digiession toward the side (out) 
of the reaching hand also increases up to 24 weeks and then de¬ 
creases Alter 36 weeks this digression is only 1 0 inch oi less 
Median digressions (in) become gieater up to 20 weeks, as infants* 
activities inciease and dimmish fiom this point until 44 weeks, after 
which time practically no median digressions occur. In early reach¬ 
ing, then, digressions occur with gieat frequency m both median and 
lateral directions. Digressions toward the median deciease in amount 
earlier in infancy than do lateral digressions and remain consistently 
less in extent tlnoughout infancy. A digression toward the median 
constitutes a senous obstacle to reaching because the hand obscuies 
vision of the pellet. Thus, early elimination of this type of erroi is 
an absolute necessity to accuiate reaching. Digressions to the side 
occui normally in all reaching leactions to the pellet 

We find the total aveiage digression for each age (see Figure 1) 
by adding the amounts of the left and jight deviations presented in 
Table 1 in the two columns undei Amount of lateral digiessions 
The steep incline in the curve of digiession fiom 12 to 24 weeks 
indicates a rapid increase fiom 2 3 to 5.2 inches in lateral digression 
of reaching, a fact which, viewed in its own light, is very misleading. 
In reality the cuive does not signify that 24-weeks infants, in com¬ 
parison with younger infants, have less contiol over then arm move¬ 
ments. Rathei, the shaip incline signals an accelerated increase in 
aim activity and, inasmuch as this activity is as yet not well under 
cortical control, the general direction of the movements, because of 
the picvalcnce of abductive-adductivc shoulder movements at tills 
age, is latcralwise As a matter of fact, infants of 12 and 16 weeks 
m most instances actually withdiaw the hand fiom the pellet in 
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infancy aiises as the result of vigorous reaching by an unusually ac¬ 
tive child 

In later infancy digressions do not occur singly Usually the hand 
moves out slightly to the side during the appioach and then moves in 
medianly toward the pellet near tile conclusion of the reaching le- 
action Reaching without some lateial digression does not occur 
In four instances the digression is less than 0 5 inch but, inasmuch as 
no finer measuies are used, is recorded as 0,5 inch. This ranking 
docs not distinguish these digressions fiom the regular 0.5-inch type 

The amount of lateral deviation, according to the median and 
range of the measures, increases with age up to 24 weeks and then 
diminishes until 40 weeks From 40 to 60 weeks the digiession 
is uniformly small. The amount of digression towaicl the side (out) 
of the reaching hand also inci eases up to 24 weeks and then de¬ 
creases. After 36 weeks this digiession is only 1 0 inch or less. 
Median digressions (in) become greater up to 20 weeks, as infants* 
activities mciease and diminish fiom this point until 44 weeks, after 
which time piactically no median digiessions occui In caily reach¬ 
ing, then, digressions occui with great frequency m both median and 
lateral directions, Digressions towaid the median deciease in amount 
earlici in infancy than do lateral digiessions and lemain consistently 
less m extent thioughout infancy A digression toward the median 
constitutes a serious obstacle to reaching because the hand obscuies 
vision of the pellet. Thus, eaily elimination of tins type of cnoi is 
an absolute necessity to accuiate reaching Digressions to the side 
occur normally in all reaching reactions to the pellet 

We find the total average digression for each age (sec Figure 1) 
bv adding the amounts of the left and light deviations presented in 
Table 1 in the two columns under Amount of lateial digiessions. 
The steep incline in the curve of digiession from 12 to 24 weeks 
indicates a rapid mciease fiom 2 3 to 5 2 inches in lateral digression 
of reaching, a fact which, viewed in its own light, is very misleading, 
In reality the cuivc does not signify that 24-weeks infants, m com- 
paiison with younger infants, have less control over then aim move¬ 
ments Ratlici, the shaip incline signals an accelerated increase in 
arm activity and, inasmuch as this activity is as yet not well under 
cortical contiol, the general dnection of the movements, because of 
the picvaience of abductivc-adductive shouldei movements at this 
age, is lateralwisc As a matter of fact, infants of 12 and 16 weeks 
in most instances actually withdraw the hand fiom the pellet in 



16 


JOURNAL OF GENETIC PSYCHOLOGY 


leaching (see p. 24). Hence then latcinl eirors, viewed with ic- 
spect to amount of activity and loss of distance to the pellet, arc 
actually greater than the errors of 24-wceks infants (see p 29). 

The digression curve from 24 to 60 weeks is pci haps a fan measure 
of the latcial cnois in leaching. The decline in lateral deviations 
which accompanies forwaid movements of the hand is lapul tip to 44 
weeks. Rapid improvement in coitical conliol ovci aim movements 
and possibly in spatial perception accounts for this iapid decrease in 
lateral digressions fiom 5.2 to 0.8 inches at this stage of infancy. 

The rise in the cuive fiom 0 8 at 44 weeks to 1 1 inches at 48 
weeks is relatively insignificant. These infants actually icach with 



FIGURE I 

Total Average Digression Lfet a ho Right from tub Straight Line of 
Reaching for Ai.l Groups 
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slightly greatei diiectness at 44 weeks than at 48 and 52 weeks. The 
fact that at 44 weeks moie infants utilize the table top for orientation 
in reaching (see Table 1) may account in pait for the small advan¬ 
tage at this age. The slow decline in the curve for the last two 
age gioups represents a final slight impiovement in direct reaching. 

In the first half j r eai of life the hand of the infant is often as far 
from the pellet laterally as medianly at the teimination of the ap¬ 
proach. The lateral distance is the perpendiculai distance from the 
tip of the forefingei to the median line (of the pellet) At 12 
weeks the median measure for the lateial distances is 4 5 inches while 
the lange of the individual measures is 0 0 to 7 5 inches The 
medians for the succeeding age gioups giadually diminish in amount 
to 0 at 36 weeks, when very few lateial enors in reaching occur. 
The older infants have little difficulty in the placement of the hand. 
The range of the individual measures of lateral enors of placement 
is wide until infants aie 28 weeks old, which, by the way, is the 
age at which the forward piojcction of the hand equals the distance 
to the pellet Hence, one finds a positive correlation between ability 
in forwaid teaching and ability in the contiol of lateral movements. 

The absolute distance to the pellet fiom the teiminating point of 
the reaching movement is the length of the straight line between these 
two poults. At 12 weeks the median for this distance is 7,0 and the 
lange of the measures is 5.0 to 10 5 inches Thus none of these 
infants get very neai the pellet The medians at 16 and 20 weeks 
are also large, but an appreciable drop in the amount of the median 
occurs at 24 weeks. At 36 weeks and later the median is 0. 

Nearest point to pellet signifies the shoitcst distance from the hand 
to the pellet at any time during the reaching reaction In the case 
of the older infants the nearest point to the pellet is always the posi¬ 
tion of the hand at the teimination of the appioach With infants 
fiom 12 to 28 weeks of age, one finds that in 24 of 36 instances the 
hand is closci to the pellet at some other time dunng the approach 
than at its termination. (Compare absolute distance with neaicst 
point.) At 20 weeks, when infants begin to exeicise gieat vigoi 
in arm movements and reaching is more lateial than forwaid, the 
hand often sweeps by the pellet during the appioach and stops at a 
lemote point The data show that at this age all infants aic farthci 
fiom the pellet at the end of the reaching movement than they aic 
at some other tunc befoie the arm ceases its activity Tins state¬ 
ment holds for 5 of 8 infants at 28 weeks. At 32 weeks, however, 
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only two infants iail to better theij position with respect to the pellet 
by continued reaching* From 36 to 60 weeks, with few exceptions, 
infants arc ncaicr the pellet at the dose of the appioach than at any 
other time 

Reachmg-timc refeis to the duration (in motion-picture frames) of 
the reaching reaction* Inasmuch as the speed of the camela is 
roughly about 16 exposures pci second, the time m 1/16 seconds is 
easily computed 3 Undet the ciicumslanccs a finci timing is of little 
value in oui study Peihaps it will aid oui undcistanding of the 
time of leaching if we mention here that no infant at 12 or 16 weeks 
contacts with the pellet, At 20 weeks one infant (JC) touches it 
but not with the foiefingei At 24 weeks only BIJ and BM contact 
the pellet At 28 weeks all infants succeed in touching it. 

The time which an infant consumes in icaching us by no means 
an adequate measuie of his top speed of aim movement Several 
factors affect the time of leaching Even if we disicgard the physio¬ 
logical and anatomical factois of giowth, one finds mhcient diftci- 
ences which apparently make foi hasty reaching by one infant (1313) 
and slow reaching by another (HE). Fiom 12 to 28 weeks the 
vigor which infants display in teaching vaiics gicatlv fiom indi¬ 
vidual to individual Reachmg-timcs arc gientci foi the moic vig¬ 
orous infants. Failure in i caching apparently discomagcs some 
infants and stimulates others to furthei reaching movements* In¬ 
tel ruptions in the appioach due to changes in diicction ictaul the 
movement Nearness and remoteness of tlie hand fiom the pellet at 
the start affect the speed of the approach, Difteicnees in elevation 
of the hand in early infancy cause diffeienccs in time to i caching. 
The range of elevation aftei 36 weeks, howevci, is umfmmlv iui- 
row The discontinuity of the reaching movement foi the fiist six 
months of life retards the speed of the activity. liaising, projecting, 
and lowering the hand, which me almost sequential units of the 
appioach in early infancy, are intcgiated into a smoothly continuous 
approach in later infancy Precise placement of the inclial digits foi 
grasping by the older infants definitely ictaids the speed of the 

“The cameras used in this expenment arc caicfully timed each vezu so 
that one knows then speed of action over a given pci loci One camon si,iris 
at a speed of 16+ frames pci second and aftei n inn of 40 seconds ends at 
a speed of 16 0 frames The speed of the second camera diminishes from 
16 6 frames to 15 9 frames over a similar pcuod of time. With both camci as 
rhe decrease in speed is gradual (13, p 130) 
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reaching movement at its close In view of these facts, one must 
regai d each reachmg-time as a measure only of the speed with which 
the individual at a given age advances toward the pellet* 

In view of the above statements one understands why there is 
little consistency in the gain (as shown by the median for the 
groups) in actual leaching-time with advance in age and why the 
variability of the individual measuies within a given group is con- 
SLdeiable* We can, however assemble the age groups mto thiee 
classes the non-contacting gioup, consisting of the 12-, 16-, 20-, and 
24-weeks infants, the contacting group, consisting of the 28-, 32-, 
and 36-weeks infants; and a supenoi contacting gioup, consisting of 
the 40-, 44-, 48-, 52-, 56-, and 60-weeks infants The range of the 
medians for the leaclung-timc of our first group under this classifi¬ 
cation is 35-49 frames, the range for the second gioup is 36-48; and 
the lange for the oldest gioup is 15-25 One may translate this 
statement as follows The unsuccessful reacheis (the first group) 
consume fiom 2 to 3 seconds in leaching foi the unattainable pellet; 
the second group, who succeed in leaching the pellet but grasp poor¬ 
ly (14, pp. 43-45), also consume fiom 2 to 3 seconds in the ap¬ 
proach, the thud gioup, who icach successfully and grasp well, 
consume from 1 0 to 1 5 seconds in the approach Hence we may 
conclude that the amount of time consumed in reaching for the pel¬ 
let undeigoes a great reduction fiom 36 to 40 weeks and that infants 
of 40 to 60 weeks of age can accomplish the reaching activity in about 
one-half the time lequired by the younger infants 

The amount of movement displayed by the elbow is not an index 
to its usefulness in reaching, but the fact icmains that an elbow 
which has a gicat lange of movement possesses the capacity fot 
greater use to the oigamsm than an elbow with restricted extension 
and flexion* The data on elbow movement aie regai ded only as a 
good appioximation of the angle formed by the upper aim and forc- 
aim at the stait and at the tcimination of the leaching movement 
We have not as yet established a moie adequate plan for the detei- 
mination of movements of the elbow than that of measuiing its angle 
from the piojectcd cinema image The medians for the age groups 
show in geneial that elbow flexion and extension foi the three younger 
age gioups ate quite restricted and that fiom 24 to 60 weeks elbow 
movements are of con biddable extent. Table 1 shows that at 24 
weeks the elbow is for the first time of more than minor impoi lance 
in the reaching activity, although this joint does not as vet contnhute 
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strongly to the success of the activity. One concludes, therefore, that 
amount of elbow action is not always indicative of its usefulness in 
the reaching movement. 

The period of lestncted elbow movements at 12, 16, and 20 weeks 
immediately antccedes a pcuod of wide l.uige in activity by this joint 
at 2+ and 28 weeks, The increased range of movement signifies 
more than a gain in mobility of action. The elbow executes move¬ 
ments many of which do not neccs^uily cany the hand ncaier the 
pellet. In fact they often result m overreaching oi over-flanking 
the maik, which shows that tile elbow does not as yet function 
efficiently. The great amount of extension of the elbow at 24 and 
28 weeks also indicates that its action is not fully supposed by the 
other parts of the body which later m infancy function in reaching 
movements 

From 40 to 60 weeks the range of the measmes of elbow extension 
is in general relatively narrow, a fact which suggests that the infants 
not only exercise better control over elbow movements ami gauge 
more exactly the amount of movement required in the total arm 
activity but that a genuine impiovcmcnL in cooperation by the trunk 
and the joints of the arm lias taken place. Thus cacli part is con¬ 
tributing more equitably its shaie to the reaching movement. The 
data in Table 3 support this statement. 

The data on the langc of elbow extension (60° to 120°) at 12 
weeks show that the forearm clings closely to tile tiunk. The 
proximity of forearm to trunk breaks down rapidly, however. At 
16 weeks evidence of some remoteness of forearm to trunk appears. 
After the first six months the amount of extension by the elbow 
in sitting situations is not a good measme of its mobility oi case of 
motion, The position of the hand at the start of an approach, espe¬ 
cially if the hand is near the pellet, may be such that very little ex¬ 
tension by the elbow will cairy the hand to its goal. On the con¬ 
trary, if the hand is located at the near edge of the tabic at the start, 
a relatively gieat amount of extension is rcquiied for the reaching 
movement, During the fiist half year infants seldom contact with 
the pellet. The numerous aim maneuvcis (Tabic 1, No, lateral 
digressions) which the more persistent infants of less than 6 months 
diiect toward the pellet testify to a magnitude of elbow movement 
(see Elbow movement) which m the light of the bettci-controlled 
activity of the older infants must not be icgai dccl as a meabme of 
the mobility of this joint. When an infant is 28 weeks old, the 
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hand in reaching usually finds its mark (see p. 22). At 40 weeks, 
reaching is quite accurately accomplished (see pp 8 ff ). The arm is 
now a manipulatory as well as a grasping mechanism which piactices 
both temporal and spatial economy in its reaching movements (sec 
pp 8 ff.) Mobility of elbow then should be considered not only in 
the sense of amount of elbow movement, but also from the stand¬ 
point of distance from hand to pellet, numbei of lateral digressions, 
success of the approach, and time lequired for the entire activity. 

In this connection reaching fiom the sitting posture diffeis greatly 
from leaching in the doisal position Infants of less than six months 
spend most of then time in the dorsal position and their early volun¬ 
tary motor activities aie acquired in this position. The change in 
body posture from lying to sitting brings about a change of 90° in 
the lelativc direction of the pull of gravity on the trunk and arm 
Hence, in view of the low state of infants* motor development in the 
first six months, regardless of other factors, the pull of gravity alone 
on the joints of the arm must affect its movements in different ways 
when the infant lies dorsally and when he sits at a table. 

In this experiment the infant’s hands are not placed at predeter¬ 
mined positions for the start of the leaching reaction, because we 
desire least of all any interference with his movements When the 
hand lies at a lemotely lateial position on the table, the initial 
direction of the reaching movement, in most likelihood, will be toward 
the median plane, and, conversely, when the hand lests far medianly 
on the table, the first movements will be away from the median 
plane In a few instances one finds the hand at these extreme posi¬ 
tions at the stait of the reaching reactions, but in most cases the hand 
rests on the table or at the infant's side within easy distance of the 
trunk, Our data, therefore, aie cf some value in the determination 
of prefeiential dnection of initial movements m reaching 

A record of the direction of the initial movement reveals that for 
at least the first 32 weeks of life the direction is as frequently median- 
ward as it is Iateialwise After 32 weeks the trend of initial move¬ 
ments is lateial oi straightforward At an early age terminating 
movements show no definite directional trend At 24 weeks, how¬ 
ever, most reaching movements end in sweeps towaid the median 
plane, and from 28 to 60 weeks a movement towaid the median plane 
at tile end of the advance on the pellet is definitely integrated in the 
reaching reaction 

Undei Amount of foizvaid projection we find two columns of 
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figures both of which refer to forward distances with icfeiencc to 
the table top. Zero is at any point at the edge of the table neaicst 
to the infant. The first and second columns indicate respectively 
the staiting-point and the terminating-point of the reaching move¬ 
ment foi each infant Below each age gioup we list in Older the 
average (advance) gain in forwaul projection of the hand as meas¬ 
ured by the foicfingcr tip, the median for the ultimate distance, and 
the number of infants who lcgistci a positive gam 
The data on the avciagc advance made by each of the 13 age 
gioups show that at 12 weeks the infants actually rcgistei a loss 

(—0.2 inch) instead of a gain dining the reaching reaction. The 

hand has incieased the distance to the pellet At 16 and 20 weeks 
the data show slight gains of less than 1 inch. At 24 weeks, how¬ 
ever, an outstanding gam m forward reaching appears, At 28 weeks 
and at iatei ages the gam in distance cat ucs the hand foi waul to the 

pellet At 12 weeks only one of live infants rcgistei s a gain forward 

in leaching At 16 and at 20 weeks five of seven infants and font of 
eight infants iespectively register gains. At 24 weeks onlv one of 
eight infants (EE) shows a loss in distance, and hei reaching activity 
began from a point equidistant with the pellet and ended ]/ 2 inch 
short of it on a sweep across the table, 1 m om 28 to 60 weeks ail 
infants register gams. The median measures of the forward position 
of the hand at the termination of the approach increase slowly from 
1.0 inch at 12 weeks to 2,5 inches al 20 weeks and then jump quickly 
to 6 0 inches at 24 weeks, after winch all medians me 6.5 indies—the 
distance to the pellet, 

Approaches which fall short of their mark prevail in caily icach¬ 
ing movements and occur to a ccitam extent dining the fiist yc.u of 
life Usually the arm swings m ciicuttausly across the median 
plane from a lateial point <o that the hand "cuts m” short of the 
pellet From 12 to 24 weeks these errors of coordination oi judg¬ 
ments of distance aie large At 28 weeks and later the cirois are 
small and are coirected by readjustments of the aim .so that contact 
with the pellet always occuis The prevalence of this type of ciioi 
through the first year is indicated in Table 2 

Infants seldom reach beyond the pellet (sec Table 2) At 28 
weeks, when foi the first time all infants can advance the hand to 
the pellet but lack practice m such remote leaching, thiec of eight 
infants over-icach and the remaining five infants "cut in” short of the 
object 



ACQUISITION OF SKILL IN INFANCY 


23 


TABLE 2 

Number or Approaches in Which the Hand "Cuts in” Short of the Pellet 
and the Number or Approaches in Which the Hand Over- 
Reaches Its Mark 


Age 12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

Hand 
cuts in 5 

5 

6 

S 

5 

4 

4 

4 

X 

3 

2 

0 

0 

Ovei- 
leaching 0 

0 

0 

0 

3 

1 

0 

1 

0 

0 

0 

0 

0 


In this experiment we may classify leaching with respect to the 
amount of lateial hand deviation which occuis during the piogiess 
toward the object We find in a former study (13, pp 175-180) 
that teaching in its eaily stages consists mainly of bioad lateral sweeps 
of the hand, while at one year the approach upon the object is quite 
direct In the first place then, Table 3 classifies the movements with 
lespect to an oveihead view Lateral movements are those activities 
of the arm which carry the hand at light angles to the median plane 
of the infant's body without any forwaid advance toward the pellet. 
If the gcneial dncction of hand activity is lateial with some piogiess 
toward the pellet, the movement is classified as more lateral than 
forwaid. Movements which arc moie foiward than lateral and 
movements which carry dnectly towaid the pellet form our other 
categories. 

Closer examination of the couise of the hand in reaching reveals 
peculiarities of movement which have intciesting developmental sig¬ 
nificance Wc lefei to the spiral motion of the hand in early reach¬ 
ing and to modifications in elevation of the hand A second classifi¬ 
cation undei Elevation m Tabic 3 shows these pccuhaiitics and the 
ages at which they occur In sliding movements the hand slips along 
the tabic top and lcmains in contact with it Lettei T in this column 
lefers to slides which aie in fact thrusts. Ciicular or spiral move¬ 
ments of the hand occui in clockwise direction (as the cameia views 
them) They aie seldom perfoimed smoothly because caily move¬ 
ments aie jerky and abiupt If leachmg is entuely ciicular in 
chaiacter it falls undei the category of cnculai movements When 
leaching consists of both sliding and circular movements, it is so 
classified Looping the hand forwaid lcfcis to movements in which 
the hand hops or “paws” foiwaul (14, p 35). This movement is 
in dncct contiast with the foiward thiust of the older infant who 
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Brief Description of Cours e of Hand in Reaching 

Age in week< 
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projects his hand ahead on a low broad arc toward the pellet. 
Finally, we classify reaching in terms of Continuity of movement. 
Movements which aie interrupted by sudden stops aie jerky and 
discontinuous Cessation of action is usually due to a change in 
the dnection of the movement. However, inasmuch as the arm 
movements of younger infants (24 weeks or less) generally begin 
and end abiuptly, intei ruptions may occui without change of direc¬ 
tion. Sudden changes in speed of motion also pioduce discontinuous 
movements In cases wherein the hand comes to a stop before the 
reaching act is completed, the movement is slightly discontinuous 
When changes in speed occui slowly, the movement is Continuous 
but not smooth When the icaching act is completed without ap¬ 
preciable interruption of its speed, the movement is continuous. 

The item, Ends in brief slide, refers to an interesting and important 
development in teaching for tiny objects. When the hand attains 
a position radially adjacent to the pellet, the infant may conclude the 
reaching activity with a slight sliding movement toward the pellet. 
This final act in the reaching piocess occurs frequently with older 
infants 

Table 3 reveals that lateral hand movements dominate the reach¬ 
ing activities of infants up to 20 weeks of age. Fiom 24 to 32 
weeks hand movements aie geneially more lateral than forward, 
although a number of cases in which the forward movement exceeds 
the lateral appear. At 36 weeks a definite step in diiect reaching 
is accomplished in that the forwaid movement now is dominant. At 
44 weeks the course of reaching, as seen fiom above, is piactically 
stiaight and from this age on continues to impiove in dnectncss and 
steadiness 

The use of the table top as a means of guiding the hand to the 
pellet is fanly characteristic of early leaching, and sliding the hand 
along the top suiface of the table continues as late as 40 weeks 
(see the forward thiust indicated by the two T's at 40 weeks oppo¬ 
site item, Sliding movements ). In these two sliding movements 
which are in fact actually thiusts, the infant piojects the hand toward 
the pellet at so low an elevation that the two ulnar digits glide on 
the surface of the table One cannot say that the infant does or does 
not use the table top for the purpose of hand oiientation with respect 
to the pellet. 

Perhaps the most common type of reaching movement in early in¬ 
fancy is the combination of sliding and cncular movements. The 
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infant swings the hand about, part of the tunc along the table top 
and at othei times elevated above it These movements usually are 
either entirely lateral oi principally latcial m character and occur 
most frequently at 20 weeks, 

Some puicly cnculai movements appeal at all ages in e.uly infancy 
up to 28 weeks At 24 imd 28 weeks these movements become spiral- 
wise, because the hand iscanied ahead during its mbrcubu maneuvers. 
The letter B in the CnenUn column signifies that an unsteady bob¬ 
bing motion accompanies the movement and the letter L nt 24 and 
at 28 weeks indicates that the hand loops fmw.ud duimg the cuculai 
movement and theieby describes a spiral course. 

Looping the hand forward commonly occurs at 28, 32, and 36 
weeks. The hand usually describes a Utcinllv circuitous course. 
Sometimes the movement begins or cuds with a slide (5) ; sometimes 
the looping is spirnlwise (C), and occasionally a bobbing motion 
(B), usually an indication of unsteadiness of muscular coordination, 
occurs. 

The older infants thrust the hand towaid the pellet. At 36 
and 40 weeks these thrusts frequently arc laterally circuitous. After 
40 weeks the course of the movement is fanly bliaight. Occasionally 
the band slides pait of the way. Unsteadiness (B) appeals infre¬ 
quently. 

Discontinuous movements by tire hand chniacteiistically occur as 
the result of sudden starting or interruption of action by the shouldci 
and elbow. 

When a misplacement of the band or an mtci i upturn m a move¬ 
ment occurs, a close inspection of the cinema rccoicl of the action of 
the tiunk and the joints of the aim at the moment of commitment 
of the eiror reveals the offending members of tire reaching mechanism 
A study of the action of readjustment by these joints in collection 
of the error serves as a check on the validity of the judgment passed 
on the offending members. In similar manner we study the factois 
which produce changes in the speed of movements 

Our table shows that at 12 weeks all reaching movements are dis¬ 
continuous, Discontinuous icaching prevails up to 28 weeks, and 
reaching movements of a slightly discontinuous older ocuu even at 
44 weeks, Prom 20 to 40 weeks, however, ntm movements in 
reaching slowly but gradually improve in smoothness of action. 
Abrupt stops and changes in the course of hand activity give way 
to continuity of action which in its caily development gives the \\\\- 
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pression of slight hesitation or jcikmess (Sec Tabic 3 under 
Continuous but not smooth ) 

Continuous movements which are not smoothly carried out occur 
when the arm at some poult during its icaching activity, usually 
near the end of its advance, readjusts for some small change in 
direction of pointing by the hand. From 40 to 60 weeks the de¬ 
velopment of fluency in continuity of aim movement in reaching 
proceeds rapidly No interruption to the normal action of the 
trunk and the joints of the aim in reaching occurs. Hence, as the 
speed and direction of the reaching movement lemains unaltered, the 
movement is both continuous and smooth It is the writer's con¬ 
tention that after 60 weeks very little impiovement in unobstructed 
reaching occurs 

One notes that in the case of very small objects, such as pellets, 
infants of all ages, with few exceptions, in the culminating (13, p. 
194) stage of the leaching movement utilize the table top as a base 
for final precise orientation of the digits in anticipation of fine pie- 
hension of the pellet (14, pp 44-45). Now grasping, as such, an 
activity which does not concern us in this study, begins at the point 
at which the digits initiate the act of closure upon the pellet. In 
the wider interpretation of the term the anticipatory setting of the 
digits during the approach to appioximate the size of the prehensile 
object constitutes the first stage of giasping. On the other hand, 
grasping is only a pait of the whole reaching piocess, which, in its 
widei sense, includes also all sorts of piehensile manipulation of the 
object following its acquisition by the hand For the purpose of this 
study, theiefore, reaching lefers to movements which constitute an 
approach upon the pellet but not to actual closure of the digits upon 
the pellet 

It is only when infants have attained the age of 32 weeks that 
these fine adjustments neai the end of the reaching act make then 
appearance Table 3 indicates that two infants at this age, in aiming 
for the pellet, set their hands with care At 44 weeks, six of eight 
infants employ this method in icaching and, except for the 52-weeks 
gioup, the older infants geneially employ the abbreviated slide. 

The number of times that the hand of the infant comes to a stop 
before the completion of a leaching movement varies with the eneigy 
expended and in general diminishes as the infant matures Table 3, 
No of stopsj shows that in early infancy the number of complete 
interruptions to the reaching activity ranges from 2 to 13 at 12 weeks 
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md from 0 to 5 at 28 weeks, where movements involving moje than 
finger action occur. At tins cajly period m infancy, when the hand 
advances upon the pellet by broad latct.il sweeps ovei m aciuss the 
table top, attainment of the goal of icauhmg (grasping the pellet) 
is seldom successful, and the infant who continues tin approach with 
great vigor makes moie discontinuous movements, lienee moie stops, 
in the direction of the pellet than does the less active infant. Fiom 
24 to 40 weeks the constant decline m the minihei of mtciiuptious 
to the movements indicates a steady development m loitical control 
over leaching. With the exception of one mtenupturn in an ap- 
proacli at 44 weeks, all reaching movements from 40 to 60 weeks arc 
completed without stops. 

In studying the course of the hand m i caching for the pellet by 
means of the plotted route of the fmeiinger on oui map of the table 
top, we find that the greatest lateral deviations in the leaching 
movements from 12 to 20 weeks occur throughout tire entire activity 
and that such deviations which in eaily psychological litcintuic aic 
referred to as random movements persist for 28 weeks of life (sec 
Table 3, Where principal deviations occur). These deviations re¬ 
sult largely from the abdnctivc-udductiyc movements of the shoulder 
which early dominate reaching activities, although elbow movements 
also figure in these deflections After 20 weeks, when the physio¬ 
logical forces which govern reaching aic better organized, the laigc 
deviations which in eaily migrations of the hand arc equally gicat 
in both right and left ducctions give way to deviations away fiom 
the median line of the table. This change in the natuic of the 
deviations is the direct result of the transformation fiom reaching 
which is largely lateral to circuitous reaching (13, pp. 174-179). 
This type of reaching in which the principal deviation occurs neai 
the middle of the course persists to considerable extent up to 48 
weeks (see Table 3, Midway), From 40 to 60 weeks the gicatest 
deviation in the course of the approach occurs most fiequcntly at the 
start of the reaching reaction (see Table 3, Stait) This initial 
lateral movement, usually of little extent, marks i\ definite improve¬ 
ment m motor skill, because an early spatial adjustment of the 
hand to the pellet obviates to a consideiable dcgicc the necessity 
for additional adjustment during die teaching pioccss am! thcichy 
eliminates one of the obstacles to direct lcaching. When the gicatcst 
amount of deviation occurs near the end of the reaching movement, 
this deflection in early infancy indicates a gross crun in the final 
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placement of the hand After 40 weeks, however, such deflection 
signifies that the spatial eirors which appear m reaching are i da¬ 
tively small and occur only as the result of a final precise orientation 
of the hand to the small pellet (see Table 3, End ) When one con¬ 
siders that at 40 weeks giasping is entnely a digital activity, 
that the fingertips, the small volar pads of which constitute the 
gnppmg suifaces, must be very accuiately placed with leferencc 
to the pellet, and that the small size of the pellet adds to the difficul¬ 
ties of its prehension, one lccognizes the necessity for some slight 
digital adjustment in the last stage of the reaching act (Compare 
Amount lateral digression, Lateral distance, and Absolute distance,) 
Table 1 shows that foi a few infants at each age from 44 to 60 
weeks this final adjustment constitutes the only enoi m reaching 
In this connection one obseives that other infants also make these 
final adjustments (see Table 3, Ends in sliding movement) How¬ 
ever, inasmuch as eriors gi eater than these final orientations occur 
at other points in leaching, many infants who commit these final 
errois aie listed in othei cells of the table, i e , under Midway or 
Start 

The difference between the distances from the foiefingcr to the 
pellet at the stait and at the end of the reaching movement repre¬ 
sents the gain in actual advance upon the pellet. If the infant in 
reaching diminishes the distance to the pellet he legisters a gain , if 
he increases the distance, he registers a loss The ratio of this gain 
(or loss) in reaching to the latcial deviation of the hand from the 
stiaight line (the line fiom the foiefinger at its staiting-point to 
the pellet) is a mcasuie of the infant’s motoi skill in leaching. In 
othei woids, this latio is a measuie of the dnectness or accuracy of 
the leaching movement. Reaching, then, amounts to pointing the 
forefinger at the object during the advance upon it, and, in this 
sense, the expenmcnt becomes a test of motor precision 

Table 3 shows that the Ratios of the gain in reaching to the lateral 
deviation of the hand improve fiom a negative value at 12 weeks to 
a high positive value at 60 weeks At 12 weeks thiec of five infants 
and at 16 weeks thiee of seven infants register losses in icaching 
At 20 weeks the table shows a small avciage gain of 0 33 However, 
the individual iccoids show that five of eight infants lose distance 
in icaching At 24 weeks only one of eight tnfants registers a loss 
m reaching Fiom 28 to 60 weeks no individual losses appear. 

The ratio —0 67 signifies that the hand actually withdiaws fiom 
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the pellet in reaching for it and deviates as much as 3 inches from 
the straight line (forefinger to pellet) for a retraction of 2 inches, 
Similarly, 8.54 signifies that for an advance of 8 5+ inches toward 
the pellet, the hand deviates only 1 inch in the lateral diicction. 
The latter figuic, 8 54, at 44 weeks then stands for fair accuiacy m 
prehensory motor skill, while 11.93 at 60 weeks indicates a high 
degree of accuiacy. 

Accuracy of reaching, then, impiovcs steadily fiom —0.67 at 12 
weeks to 8.54 at 44 weeks, diops to 5.11 at 52 weeks and rises to 
11.93 at 60 weeks. Figure 2 presents ginphically the gains m ac- 
cuiacy of reaching. The mean variations of the individual measures 
in general are fairly huge. 

The first 60 weeks of life, then, is a period in which niotoi skill 
m reaching improves from purely negative results in accomplishment 
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with gross errors in direction to absolute success in accomplishment 
with only slight errors of direction In fact, skill in reaching at 60 
weeks is practically a matuied activity which compares very favor¬ 
ably indeed with adult piehensory skill. A comparison of the reach¬ 
ing activities of 60-weeks infants, 5-yeai children, and adults 4 shows 
that all subjects dnect the hand with gieat accuracy, plane the hand 
toward the pellet at a low altitude, flex the wrist ulnarward, co- 
oidinate the individual leaching functions of the trunk, shoulder, 
elbow, wrist, hand, and digits into an easy fluent movement in which 
each of the parts contributes adequately to the success of the reaction. 

Lack of knowledge in the use of particular objects, such as a pencil 
or toothbiush, handicaps infants in leaching, because the part of 
the object toward which one points the hand depends greatly on the 
use one makes of the object Anatomical diffeiences such as the size 
of trunk, aim, and digits give the adult an advantage in leaching 
The postuic of the ulnai digits is perhaps of some slight advantage 
to adults A greater flexion of these digits by adults removes the 
hazaid of interfeience by objects in the path of the approach 

A rough approximation of the relative amount of participation in 
reaching by the trunk, shoulder, elbow, wrist, and flngeis is obtained 
by ranking the mobile paits in accordance with the value of their 
contribution to the success of the movement. 

We fully lealizc the impracticability of judgments on the relative 
value of the movements by parts of a limb in a complicated act as 
pointing, when such judgments are made on the basis of unaided 
visual observation The use of cinema records which peimit un¬ 
limited rcpetitional performance of a given motor activity at normal 
and slow speed and by successive “stilling” of the individual flames 
of the photographic record, however, greatly minimizes the difficulty 
of such a study. 

The determination of the relative usefulness of the component 
movements in the success of the total motor activity in young infants 
is a fairly easy accomplishment by leason of the simple fragmentary 
chaiacter of the non-integiatcd activity and the great differences in 
the amount of function by the seveial paits of the body undci con¬ 
sideration However, as prehension develops, and the component 
paits of the total activity aie gradually integrated into a smoothly 
continuous movement, difficulties in the dcteumnation of the useful- 

4 The investigation is as yet not ready for publication 
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ness of the parts of the body multiply, but are scarcely insurmount¬ 
able, so long as we do not attempt to classify them too strictly. 

Only three classifications therefoie appear. We give a rank of 1 
to those parts which contribute eminently to the success of the reach¬ 
ing reaction, a rank of 2 to parts which aid materially but not 
piominently in the movement, and a rank of 3 to paits which co¬ 
operate weakly or apparently not at all in the total activity 

Table 4 shows at each age the relative extent to which the ana¬ 
tomical parts under investigation cooperate in reaching. The top 
numbers in each cell of the table are the individual rankings for each 
infant, the single number in the lower part of each cell is the sum 



FIGURE 3 

Relative Value of the Physiological Components or thl Reaching 

Movement 
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of the individual rankings within that cell, The Mim is computed 
on the basis of a full quota of eight infants at each age in cases 
wherein the number of infants is less than eight. A graphical preset 
tation of these sums for the scvei.il physiological components of the 
reaching movements appears m Figure 3. 

The tiunk may aid in leaching activities by leaning fmwaiil and 
by twisting so that one shoulder is rotated ahead of the other, 
These movements, of course, shoilcn the distance to the pellet. In- 
asmuch as body cqmhbiiuin is not well established before 36 weeks, 
infants of this age oi less are seated in the chair dining the experi¬ 
ment, The belt docs not altogether prevent infants (tom leaning 
forward and rotating the tiunk. Up to 24 weeks infants either sit 
upright against the back of the dinii or lean foiwnid against the 
belt. At 28 weeks grcatei tiunk movement ocluis, with precarious 
equilibrium. Table 4 shows that active cooperation in teaching by 
the trunk begins at 32 weeks and develops rapidly for the next 8 
weeks. At one year the trunk contributes its full share in this motor 
activity (see Figure 3) 

In infancy, shouldei activity dominates the first voluntaiy reaching 
movements. At first its activities aic confined laigely to abduction 
and adduction. Gradually flexion (forward)» which aids materially 
in shortening the course of reaching, supplants these movements until 
at one year their influence in reaching is practically negligible Table 
4 shows that the shoulder foi at least the first 40 weeks of life con¬ 
tributes moic than its shaie to reaching movements and lemains a 
potent factor in later reaching reactions. 

The elbow eaily renders material aid in reaching. The infant is 
almost one year old, however, before tins joint contributes as much 
to the success of reaching as does the shoulder, although sevciai in¬ 
stances of rather superior cooperation by the elbow appear fiom 36 
to 48 weeks. At first elbow extension under the condition of our 
experiment is quite confined. Shouldei movements often carry the 
aim about with little elbow flexion or extension. Later, when full 
extension of the elbow occurs, for many weeks the tuning of its 
movements with shoulder and trunk activities is inaccurate enough 
to cause large eriors in reaching, Readjustments in elbow extension 
usually correct these eriois, 

Although the fingers begin to function materially in teaching at 
20 weeks by opening, closing, and scratching movements, extension 
which anticipates radial grasping staits at 28 weeks and imp loves 
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fairly rapidly to 40 weeks. 5 Pointing by the forefinger becomes 
firmly incorporated in leaching activities dining this period Final 
adjustments by the digits at the end of the reaching movement, 
which involve caieful placement of the forefinger and thumb, con¬ 
stitute a difficult maneuvei, and the period from 40 to 60 weeks 
shows slow progress in this fine piehensory activity 

The principal iole of the wiist in reaching is ulnar flexion which 
brings the distal volar pads of the foi efinger and thumb forwaid 
toward the pellet and favors contra-postuie of these digits with 
respect to the pellet In addition, ulnar flexion swings the digits 
out of the direct line of vision so that the pellet may be seen during 
the couise of the appioach Secondly, the wrist aids by extension 
and flexion, whereby the hand is elevated oi lowered as the exigencies 
of the reaching activity may lequire. The wiist renders little ma¬ 
terial aid until about 32 weeks, Up to this time the pawing type of 
reaching requires little* cooperative action by the wiist It is not 
until digital piehension (14, p 56) appears that the wrist takes an 
active part m reaching Coopeiation in the leaching activity by the 
wrist follows closely on the heels of digital aid. In fact, functional 
development of the digits in part foices functional development of 
the wiist. The rise to piominence by the foiefingei and thumb in 
all piehensory activities lequires that these digits take the lead in 
leaching, and this act is best accomplished by ulnar flexion of the 
wiist One notes (Table 4) that wrist cooperation follows digital 
participation up to 36 weeks and then closely parallels the latter for 
the remaining ages 

The digits and elbow aie of gteater aid in icaching up to 32 weeks 
than are the trunk and wrist. Fiom 28 to 40 weeks the inciease in 
usefulness of the trunk and wiist is rapid Fiom 40 to 60 weeks the 
tiunk, elbow, wrist, and digits rendei about equal assistance, The 
shoulder is an impoitant factor in reaching at all ages (see Figure 3) 

Review of Related Studies 

The literatuie on child psychology reveals many investigations in 
the motor skills of childien of preschool and school age Measure- 


B Onc must not overlook the fact that, as one of the physiological compo¬ 
nents improves in its reaching functions, the other components also increase 
m usefulness, hence, while its absolute progress in functional development 
may be fast, its relative value to the total reaching activity may be slower 
than that of other components 



36 


JOURNAL 01' 01 N! 1 1C I’bYCIIOI OtiY 


mcnts of motor skill as .such in infants of one vc.tr, howevci, are 
scarce, because infants manifest few skills in this pciiod of life and 
investigate is cxpci icnce difficulties m e\pciiitienMliou 
Andcison (1, p. 148) distinguishes early and later motor develop¬ 
ment in the child In early infancy when the individual possesses a 
number of iclativelv simple sensoiy niotm iesponsts, his piogicss 
occuis "by the development of a series cif acts uiinmon in huge part 
to all/ 1 Latci, when he establishes motoi com dilution lot the per* 
formaitce of the raoic common activities, “futuic advance takes place 
by the development of a wide vaticly nf speuiic imitoi habits’ 1 (37, 
PP 289-291). 

Numerous scales for the study of motor development in pieschool 
cluldieti, studies m special motm skills such as tracing, tapping, etc,, 
and studies on the effects of practice on motor learning (l> pp, L44- 
162, 17, pp 1M7) appeal m the scientific htcialuic on eaily child¬ 
hood, In au investigation earned on 40 yeais ago Hancock (15) 
furnishes examples of motor skill m young children laugmg in age 
from 5 to 7 years. 

Hicks (t7) gives an excellent review of the field of development 
of motor skills u\ childicn with special emphasis on acquisition of 
motor contiol in Uiget tin owing. 

The study of the acquisition of motor skill in veiv voting infants 
presents problems which contrast slvaiply with the study of this de¬ 
velopment in older children and adults. \w the formet ease one 
experiments on subjects whose motm activities develop fiom spon¬ 
taneous unlearned movements to voluntmilv contiollcd movements, 
whereas, in the ease of older subjects one deals hugely with move¬ 
ments under coitical contiol. In early manual activities, then, one 
is confronted with such pioblems as the natuic of the tiansition 
of spontaneous and involuntary movements into voluntaulv contioiled 
movements, the manner in which coitical control over pichcnstlc 
activities manifests itself, and the measurement of such control in 
terms of demonstrable phenomena 

"Ihe infant has no reserve supply of learned activities upon which 
he mav draw tor the establishment of the skilled movement. The 
acquisition of skill is not a case of refinement of motoi action by a 
given set of structurally mntuic nerves and muscles ft is nnlici a 
case of the development of anatomical parts winch ,i\c sliucturaily 
and functionally immature and winch at fust arc quite lacking in 
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ability to combine the component teaching activities into haimomous 
and reciprocal relationship 

At 12 weeks, the age at which this study starts, the infant cannot 
sit eiect, cannot hold his head ciect, is only beginning to reach volun¬ 
tarily foi objects, and in some cases probably cannot cleaily pciceive 
visually at 6/2 inches an object the size of a pellet* The shoulder of 
this infant, although it is the most tractable of the joints, moves 
almost entirely in abductive-adductive mannei The elbow in reach¬ 
ing nevei attains full extension and is usually held quite flexed The 
wrist flexes little in any direction The fingers aie gcneially flexed 
into the palm and the thumb is the least active member of the digits 
The tendons, joints, and muscles of the aim, along with then sensory 
equipment, aic at that stage of development wherein they contnbutc 
little aid by way of piopnoceptive expenence in the acquisition of 
motor skill (16, 31 , 34, p 86, 35, pp 5-25, 72-75, 81-93). 

A brief review of our facts shows that when the young infant is 
awake, he is almost constantly in motion. At least some portion of 
his body is undergoing some activity. The limbs move about in jerky 
spontaneous excuisions and the fingers especially engage in almost 
ceaseless microkmeuc movements These activities of course do not 
begin at birth They have their inception in early picnatal life 

In early postnatal life, if wc consider only the activities of the 
upper limbs, we find that the earliest movements of the shoulder 
joint consist in jeiky abductwc-adductive displacements of the arm 

The elbow is usually flexed 01 limply extended The wrist 
scarcely moves and the foieaim-hand relation is relatively fixed so 
that a line joining elbow, mid-wust, and medius digit is straight. 
The movements of supination and pronation of the hand (rotation 
up and down of the palm), effected by action of the muscles of the 
foieaim which cause the radius to levolve about the ulna, occur 
only when the infant, dorsally placed, abducts and adducts the arm 
at the shoulder. When the arm abducts beyond shouldei height, 
supination occuis, when the aim returns on its adductive phase, 
pronation takes place. The fingeis are usually flexed into the palm 
with the thumb clasped beneath them or adducted against the radial 
aspect of the index fingci 

If the examine! strikes shaiply die table on which an infant lies 
dorsally, the lattei’s arms abduct violently in a great arc to positions 
near the head. If no further stimulation is given, the aims will 
slowly adduct towaul their starting-positions. 
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Returning to the Utcratuic of tlic Held, Mejer notes that young 
infants stietch their arms so that they aic cithn perpendicular to the 
trunk or extend towaul the feet. Under ceitain more or less violent 
stimulation they may thiow the arms upward The actual course of 
the movement is not clcscuhcd (22, pp. I 15-136). 

Dearborn (6) slates that indication^ of voluntary conttiil in reach- 
ing appeal in the tenth week and even intimate^ the presence of such 
control to a slight extent in the third week. 

Warner finds that the young infant offers resistance to attempts 
to extend the elbow. At 1 month the limbs move with greater 
force and with a gieatci amplitude and mechanically somewhat more 
effectively (31, p, 35). At 3 months the senses exercise some con¬ 
trol aver the arm movements but the hand movements toward desired 
objects are not stiaight. At 4 months micro kinesis can he temporal 
ly inhibited (31, p. 36). 

According to Picycr the infant is at least 3 months old before he 
makes deliberate movements (24, pp. 331-33 2). Foi example, first 
attempts at seizing occur near the end of the fourth month and 
pointing appears in the eighth month 

Warner (31, pp. 33-36) furnishes a good example of the manner 
in which spontaneous movements persist throughout early life In 
the waking infant microlunctic movements take place in the limbs, 
particularly in the fingers These movements occur irregularly but 
with considerable constancy. At 3 ycais niicrokincsis is pictty well 
controlled by the senses but persists even to 10 ycais, At 3 years 
there is also considerable inhibition of many forms of movements 
An object winch is plainly visible usually sets off the reaching 
mechanism. Gesett (8, pp, 105-107) states that visual icgaid for 
an object results in increased arm activity at 3 months and that in¬ 
cipient aim movements of reaching occur at 4 mouths. 

In general, studies of the motoi development of young infants have 
dealt principally with the enumeration of the vniious motoi re¬ 
sponses, 0 the recording of the dates of the appealance of these 
responses, and the observation of developmental changes of growth 
(6, 8, 24, 27, 28, 29). Two examples of the last type of study 
follow. Sherman and Shetinan (26, pp. 80-83) study comdination 
of arm and hand movements in young infants by noting the numbci 
of defense arm movements that an infant executes bcfoie both of the 

Studies of this lype arc riat roforred to in this investigation. 
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infant’s hands contact with the tip of the examiner’s finger when this 
digit is pressed against the infant’s chin The results indicate im¬ 
provement in arm coordination with advance in age. At 13 days 
infants cannot execute immediately accurate defense movements, 
although older children make correct movements easily The in¬ 
vestigators have no measures concerning the course of the movements. 
Neither do they record the direction of the final pushing force nor 
mention the part of the infant’s hand which contacts with the ex- 
aminer’s fingei. 

A review of Gesell’s study (8, pp 113-134, 236-242) reveals the 
following facts concerning skill in reaching At 1 month crawling 
movements appear. At 2 months the dorsal infant makes vertical 
aim thrusts which do not follow a stiaight couise. At 4 months he 
scratches and bangs the table At 6 months he reaches more bi¬ 
laterally than unilaterally At 7 months he tends to icach uni¬ 
laterally, rotates the hand freely and rakes oi scoops in the pellet. 
At 9 months reaching is unilateral The infant pats the table and 
claps the hands together by lateral movements. Finally, at 24 
months he imitates vertical and honzonal strokes with a crayon 

The subjects in our study have at first little appreciation of tri¬ 
dimensional space. It is true that vision m infants is pretty well 
developed at 12 weeks Saccadic eye-movements, ocular puisuit, 
eyc-coordmation, and coordinate compensatory eye-movements func¬ 
tion well after the first 6 weeks of life (20, pp. 327-336, 416-418) 
while cooidmation of eye and head movements and directing the 
regard from one object to another are also established before the 
twelfth week (20, pp. 332-333) Howevei, infants of 12 weeks 
have little or no expciience in peiception of visual distance and lack 
ability in the cooidmation of eye and arm in i elation to external 
objects Several studies (8, pp. 236-240, 13, p. 174, 24, pp, 325- 
333; 32, pp 304-310) suppoit these statements Preycr (24, p. 
251), for example, reports that young infants reach short for near 
objects and grasp at objects far out of aim’s distance These move¬ 
ments giadually come to an end, but Preyer is unable to set the date 
of disappearance. Halverson (13, pp. 159, 251-252) states that 
under-reaching by young infants is common and in the present study 
(p 23) recoids the amount of this type of leaching by infants of 
different ages. 

In the eaily stages in the acquisition of skill, the young infant, as 
a rule, executes movements which occur in irregular senes with re- 
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spect to both time and space and show evidence of lack of cortical 
control. When m time he fortuitously hits upon movements which 
aie more effective than other movements towaul the accomplish¬ 
ment of the successful act, he utilizes these more effective movements 
as a basis for further extension of the skill 

One might say that the ability of an individual to teach straight 
for easily prehended objects is a direct mcasuto of the dominance 
of cortical control over reaching movements Straight projection 
and placement of the distal pad of the fovefmgcr upon an ohjcct at 
(i distance of 6 y 2 indies constitutes a real achievement by the infant 
Eailv efforts in ieachmg result in lateral oi up-down movements or 
combinations of these movements, winch are in general at light angles 
to a straight hne from the hand to the object, At one year the 
course of the teaching hand is straight foi the object. All move¬ 
ments which tend to carry the hand at light angles with the direct 
line of the hand and object (with the exception of elevation for 
clearance of the tabic) have been eliminated. The high state of 
perfection winch skill m reaching attains during the fust year is 
scarcely surpassed by any other type of learning dunng the same 
period of life, 

Awareness of movement of parts of the body comes about through 
impressions from the proprioceptive scnsc-oigans located in the tissues 
of the moving parts, In a motor act, such as leaching, visual pei- 
ception of the successive relative positions of hand and object and 
proprioceptive experiences of tiunk and arm movements of adjust¬ 
ment and readjustment to the position of the object guide and contiol 
the progress of the motoi act. In the acquisition of skill in the 
perfoimancc of the act modifications of the movements are accom¬ 
panied by corresponding modifications of the impicssions from the 
proprioceptive sense-organs, and the experience so gamed and re¬ 
tained leads ultimately to perfection ol accomplishment of the act 
§ * n fact* by the tune the infant is 48 weeks of age, so well estab¬ 
lished is the proprioceptive pattern which guides the reaching arm 
that, having at first visually located the object, he can actually 
initiate and carry out accurately the entnc reaching act, without 
further regard for the object. 

This feat of skill then involves (n) gradual improvement in the 
coordination of muscular movements of the trunk and limbs winch 
function in forward projection of the hand; (b) inhibition of move¬ 
ments which tend to carry the hand at right angles to the line of 
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diiect leaching; (c) mastery over body equilibrium; and ( d ) fine 
sensory motor coordination between the senses and muscles which 
cooperate in the acquisition of the motor skill. 

We may not regaid the infant as mcielv an adult in miniature 
(23, pp 262-263) The increase in length of body, trunk, and 
aims (2, 5, 25, pp. +17-479, 30, 37) during the first yeai of life 
is considerable, so that infants of one year enjoy a distinct advantage 
ovei infants of 12 weeks in reaching which demands full arm 
extension Thus changes in growth of body stiucturc, a ldatively 
insignificant fcatuie in the course of expeiimentation on older chil- 
dien and adults, is a most important factor in the acquisition of 
motoi skill in young infants. 

Not only are the body piopoitions of the infant and adult gicatly 
dissimilai (23, pp 262-270) but, according to several investigations, 
the bones and muscles, as well as the nerves, of young infants are 
numerically and stiuctin ally mumtuie 7 

Studies in the anatomy of the nervous system of the human infant 
leveal that neither the neurons of the cerebial coitex nor the neurons 
of the peripheral system which function in the voluntary control of 
arm movements are structurally mature at biitli (13, pp 55-59) 
At 3 or 4 months development within the ncivous system has 
reached a stage in which some coitical conti ol over piehensile activi¬ 
ties may be expected. 

The transformation of discontinuous lateral arm movements into 
continuous dnect movements in reaching duung the fiist year of 
life affords an excellent example of the manner in which the cortex 
gradually assumes contiol ovei motor activities The infant of 20 
weeks leaches jerkily for objects and m so doing utilizes puncipally 
the shoulder The 32-weeks infant employs practically ail paits of 
the aim in reaching activities but his movements aie still slightly 
discontinuous. At 52 weeks the infant piojects Ins aim in a smooth 
dnect course for the object 

Then again, within this same time span, the hand of the infant 
develops functionally from a paw-like appendage into a highly co¬ 
ordinated oigan, 8 For young infants whose reaching movements 
are pooiiy dnected, pawing and conalling, m which the cntne hand 

7 Full discussion of this statement appeals in our eailiei papei (lk pn 
48-51) 

*Note the description of early leaching movements picscnted on page 23 
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is called into function, yield greatei success in the acquisition of the 
pellet than does the use of two or three digits (14, pp. 43-46), 

At 60 weeks, the age at which this study ends, the infant easily 
maintains good trunk and head equilibrium. He glides smoothly 
forward, backward, and laterally without fear or loss of balance 
and pivots freely in reaching movements. He advances one shoulder 
and retracts the other in the facilitation of distant icaching, and 
combines into an accurate and smoothly coordinated nun movement 
the individual functions of the entire mechanism of the body. In 
passing, one recalls that the infant is too young for verbal instruc¬ 
tion or guidance in this investigation. 

If development of motoi control occurs first in the larger and 
more fundamental muscles and then progresses towaid the smaller 
muscles which function in the moic refined movements (3, p 120; 
4; 12, pp. 9 ff.; 15), we should expect better-contioiled activity 
by the large shoulder muscles than by muscles of the forearm and 
hand in arm movements of early infancy. Elbow, forearm, and, 
finally, digital activities should conic later under coiticai control 
That increase in skill begins with the larger muscles and extends to 
the smaller finds support in the observations of students of infant 
behavior (7; 13, 24; 27; 28; 29; 32, p. 312, 33, p. 86) and m the 
fact that structural development of nerves and muscles proceeds 
periphcraHvard (16; 21, 34, pp 8-25, 72-75, 81-93, 35, pp. 833- 
834; 36), Similarly, our study shows that the great change m the 
manner of reaching during the first year of life is the transforma¬ 
tion from crude, jerky, lateral movements to direct reaching move¬ 
ments in which the actions of a highly coordinated upper arm arc 
abetted by a very prehensile hand with its many possibilities for 
varied action and its sensitive finger-tips, 

Development of motor skill in reaching movements, then, in addi¬ 
tion to being contingent largely upon anatomical and physiological 
maturation, depends on constant modifications in cential con elation 
of exteroceptive impulses from the retina of the eye and propriocep¬ 
tive impulses from the moving parts of the trunk and arms ns they 
undergo changes in posture. Unnecessary components of the reach¬ 
ing act in early development which carry the hand away from the 
direct line of approach to the object are gradually eliminated and 
components which are essential to success in reaching fiom the stand¬ 
point of spatial economy aie retained. The coordination of these 
essential components into a smoothly continuous act constitutes pei- 
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fection in the reaching movement. Skill in reaching requires that 
each of the components of the movement contributes its share to the 
success of the total activity. In perfect reaching the exact amount 
of the proper type of movement by each part is so timed that all 
components of the activity integrate automatically into a smoothly 
continuous and duect motor act 

Conclusions 

1. Reaching at 12 to 20 weeks consists of discontinuous lateral 
aim movements in which the hand slides on the table top, revolves 
clockwise above the table, oi combines both of these activities. 
Later, the movements become more continuous, the lateral deviations 
deciease as fonvard projection mcieases, and the sliding and ciicular 
motions dimmish. At 60 weeks the infant’s capacity in the per¬ 
ception of visual space and his ability in the cooi dination of trunk 
and arm movements are so highly correlated that reaching is ac¬ 
complished by a smooth, continuous movement of the hand with little 
oi no spatial error. 

2. In contrast to acquisition of skill by older children and 
adults, the infant at the stait of this investigation has no repertoire 
of acquued movements upon which he may draw in the development 
of the skill He must construct it upon unlearned motor activities 
With this handicap, however, his skill at 60 weeks compaies favor¬ 
ably with adult skill. 

3. In the acquisition of skill in icachmg duung the first 60 
weeks of life the first movements are leflexes or simple sensorimotor 
responses of which the abductive-adductive movements of the 
shoulder are most prominent The next stage is the period of slowly 
acquired voluntary movements which range from ciude gioping 
activities to duect reaching In the final stage, the movements aic 
largely automatic. As a result of practice the skill is now a more or 
less definitely fixed motor pattern of response 

4 High skill in leaching requires accuiacy in perception of 
visual space and complete synergic control over the muscles which 
function in the maintenance of sitting equihbnum, in the inclination 
and twisting of the tiunk, and in flexion and extension of the several 
joints of the aim and hand 

5 Lateial deviations of the hand in reaching incicase in amount 
up to 24 weeks and then diminish until 40 weeks, after which time 
the lateial enoi is uniformly small. The amount of digicssion 
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inward, toward the median plane of the body, becomes gicatci up to 
20 weeks and then decreases, while the amount of digicssian in the 
opposite diiection increases up to 2+ weeks and then gradually de¬ 
creases After 44 weeks no median digicssions occur Latcinl di¬ 
gressions, however, occur normally at all ages, I he incicasc in the 
amount of median and lateral cirois horn 12 to 24 weeks signifies 
an advance in aim mobility and not an actual loss in cmticnl contiol 
over arm movements 

6. Progress m advancing the hand toward the pellet takes place 
slowly from 12 to 20 weeks From 20 to 24 weeks a remarkable 
gain m progiess occurs in which the hand almost attains the distance 
of the pellet At 28 weeks; all infants can icach forwaid to the 
pellet. 

7. The ratio of the gain (or loss) in piogicss towaid the pellet 
to the lateral deviation of the hand from the straight line of the ad¬ 
vance is an excellent mcasuie of the infant's skill in reaching, The 
data on these measmes show that skill in icaching improves gradu¬ 
ally with age from —0 67 at 12 weeks to 8 54 at 44 weeks, then 
declines to 5 U at 52 weeks, mid finally teaches a high maik of 11 93 
at 60 weeks. 

8. A comparison of the physiological components of tile icaching 
movements shows that for at least the first 40 weeks of life the 
shoulder functions more effectively in reaching than does the tiunk, 
elbow, digits, or wrist From 16 weeks on, the el how and digits 
participate in reaching movements with met casing effectiveness until 
at 40 weeks they closely approximate the shouldei in usefulness in 
reaching. The trunk and wrist me functionally ictard-cd. They 
display little effectiveness until after 32 weeks when they impiove 
Tapidly in usefulness in reaching At 40 weeks the tiunk and wiist 
participate as effectively in the reaching movement as do the other 
anatomical paits, From 40 to 60 weeks all parts contribute about 
equally to the success of the reaching movement, 

9. From 12 to 20 weeks lateral digressions m reaching usually 
occur throughout the entire course of the approach. From 24 to 36 
weeks the largest digressions occur midway of the com sc and fi om 
40 to 60 weeks the principal digressions which arc now relatively 
small take place either at the start, end, ox midway of the lcaching 
movement. 

10. The early elimination of median digicssions is essential to 
accurate reaching in oidei that the hand may not obstruct vision of 
the pellet. 
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11 Arm movements which result in under-reaching the pellet are 
common in the first half year of life* 

12. Ulnar flexion of the wrist in pointing, which is an adult 
characteristic, begins to function after the sixth month. 

13 The amount of elbow extension is not an index of its use¬ 
fulness in reaching, 

14. The time consumed in leaching is in no way a measure of 
the speed or accuracy of arm movement However, infants of 40 
to 60 weeks accomplish the reaching act in one-half the time (10 
to 1 5 seconds) required by younger infants 
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L’ACQUISITION DE L'HABILETfi DANS L'ENFANCE 
(Resume) 

En contraste avec 1*acquisition de Thabllet£ par les enfants plus ag£s et 
lea adultea, Tenfant en bns age au commencement de cette enquete n J a aucun 
repertoire de mouvements acquis dont it peut se servir dans le dereloppe- 
ment de I’habilete II faut qu'il la construise sur des activity motnees non 
apprises, Avec ce ddsavantage, cependant, son habiletd k ctendre la main 
& 60 semaines compare favorablement k Thabileti des adultes Dans l’acqui- 
9 ition de 1'habilete k Ctendre la main pendant lea 60 piemi&res semaines dc 
la vie les premiers mouvements sont des reflexes ou de simples r6ponses 
motnees sensonelles dont les mouvements abducteurs et adductcuts de 
I’epaule sont les plus prononces, La prochaine etape est l'epoque deg mouve¬ 
ments volontalres lentemcnt acquis qui s’etendent des activities grossifirea n 
tAtons jusqu’4 Taction directe d’£tendre la main Dans la demise 6tapc 
les mouvements sont pnncipalement nutomatiques, Comme lesultat de 1'exer- 
cice ThabiletG est maintenant une forme motrice de reponse plus ou moms 
fixe L'habilet£ k 6tendre U main se d^veloppe des mouvements latfraux 
du bras, non contmus, jusqiTA des mouvements de la mam en avant, doucc- 
ment contmus, L'ordre du developpcment fonctionnel des parties anatomiquea 
composantes est epnules, coude, doigts, tronc et poignet, Les eireurs laterals 
dcvicnncnt plus frequentes jusqu’4 24 semaines et puis devienncnt de moms 
en morns fr6quentes jusqu’A 40 semaines; apr£a cet age-ci ces erreurs sont 
uniform6ment petites ^elimination dc bonne heure des eireurs vers le plan 
median est essentlelle h la precision d’etendre la main, pour que la main 
ne rende pas obscure la vision de l’objet 


Halverson 
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DIE ANEIGNUNG VON GESCIIICKLICIIKEITEN BEI SAUGUNGEN 

(Referat) 

Der Sauglmg stcht insofern zu alteren Kindcrn und Enmlncncn in 
Gegcnsatz sis er, am Arfang der Untenuchung, noch kcin Repertoire tier 
nngeeigneUn Bewegnngen beaitzt die er bcider Entwicklung ciucr besond- 
eren GeschiLklichkeit verwenden konnlc Er muss sie mil U,ims ungelerntir 
motonscher Tatigkeiten raftsmen Trot? dieses Iltnderniascs, jcdoch, ldsst 
sich seme Geschicklichkeit mil 60 Wochen gut mit dcr Geschicklichkeit Er- 
wachsener vergleichen, Eel tier Aneignung der Gcschickliclikeit im Grcifcn 
[reaching] vunl'.iend dec atsten 60 Lebeimvoehcn sind die crsteti Itewcgungcn 
Refitxe oder emfachc scnsoricl-motomchc Rcaktioncn tvoruntcr Hcvvegutigcn 
der Schulter nach aiissen und nacli innen [abductive-dcductive movements] 
am starhten harvorrugen Das nachste Stadium ist die Puiodc der lang«am 
angeeigneten willkurlichen Bewegungen, die sich von uogcschliffcncn, lasten- 
den Tatigkeiten bis zum direktch Grcifcn eratrecken Im endgnltigcn Sta¬ 
dium amd die Beivegungen groasanteils automatisch In Folge der (Ruing 
atellt die in Frage stehende Geschicklichkeit nun eine mehr odei wemger 
definihv etablierte motorische Reagienmgswctse [pattern of response] dar* 
Die Geschicklichkeit im Greifen entwickelt sich vom Stadium der unterbro- 
chenen Seitenbewegungen der Arme bis zu glntt verlanfeiulcn, imunterhro- 
chenen Vonvartsbewegungen tier Hand Die Relhcnfolgc tier funktionellcn 
Entwicklung der an den Bewegungen teilnehnicnden nnatomischcn Tcilc tst 
folgende, Sehult-ern, Ellbogcn, Finger, Rumpf, und Handgelcnk Scitlichc 
FehlgnSe [lateral errors] nahmen bis zu 24 Wochen zu und nehmen dann 
bis zu 40 Wochen allmahlich ab, nach welchem Alter diese Fehlgrilfe ubcroin- 
stimmcnd klem sind Die frulie Auschnltung der Felder in tier mittleren 
Gegettd [median plane] 1st m genaucm Greifen wesentlich, dn sonst dcr 
zuergreifendc Gegenstand durch die Hand teilweise von den Augen ver- 
borgen sem kann, 


Halverson 



THE ANIMAL MIND * 1 
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Perhaps no problem in the field of psychology lias aroused more 
genuine mtei est than that legal ding the natuie of the animal mind 
The question was raised in the time of Aristotle—if not long before 
—and has remained to this day a veritable stoim center of con¬ 
troversy, That the question has wide ramifications is shown by 
the fact that it has been exploited through the ages by men widely 
divergent in interests, temperament, and training The philosopher 
and theologian as well as the natuialist and psychologist have 
attempted to solve—each in his own way—the ubiquitous riddle of 
infrahuman mental life and behavior. Bioad generalizations have 
been hazarded by men of no scientific tiaining on the basis of a 
few insignificant conciete facts Facts have been neglected outnght, 
or unduly subordinated to theoretical bias, by those conversant with 
a wider field of knowledge No pioblem, indeed, has suftcied more 
from preconceived notions and philosophical prejudices. 

In spite of the tiaditional conceptions that have accumulated around 
the problem, only a few distinctive solutions brave been pioposed 
up to the present. It seems possible, indeed, to include practically 
eveiy shade of opinion under one or anothei of three gcneial view¬ 
points If wc think of these as being represented by as many con¬ 
tending parties, wc may speak of them as the right wmgj the left 
wing , and the center . The right wing includes that gioup, of what- 
evei field and time, winch seeks to intei pret the mental life of the 
animal in teims of human consciousness This position obviously fos¬ 
ters the tendency to humanize the animal and thus to place a high 
and favoiable estimate on infraliuman mental life and behavioi. 
It is often associated with the extensive use of anecdotal evidence, 
since stones of unusual exploits in animals may seem to indicate that 
the higher types aie "almost human ” The right wing was in the 
ascendency during the anecdotal movement which followed the pro- 
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mulgation of Darwin’s theory of evolution—to which wc shall pre¬ 
sently refer. 4 , 

The left wmg party takes the opposite position, the distinction, 
between man and animal being greatly emphasised. The lower 
animals aie regarded as simple machines while the higher animals 
arc conceived of as little more than laigci and moic complex ma¬ 
chines If the mind and belmioi of the animal is dragged down 
to the mechanical level, that of man is often raised to a superhuman 
level in the same heath. The center party includes all those who 
refuse to take either of the two extreme positions They reject 
both anthropomorphic interpretations and narrow mechanistic explana¬ 
tions and consider the controversy between the right and left wing 
parties as futile if not ridiculous. 

The problem itself seems to be ever with us and, if one genera¬ 
tion happens to be dominantly right wmg, the next ii> almost ccTtain 
to turn left wmg. This tends to keep the question continually in 
the field of controversy after the manner of a political or leligious 
issue. Something of the general trend of opinion on this pomt may 
be gamed by a brief reference to a few outstanding periods of human 
thought, 

We may well begin with Aristotle who was the founder of 
both biology and psychology. While not as extreme as certain later 
writers, Aristotle must be regarded as a representative of the light 
wing party. He held that the higher animals possess knowledge, 
wisdom, and sagacity differing fiom that of man only in degice. 
He went so far as to say that the human child “hiudly diffcis for 
the time being from an animal. 11 He speaks of a ceitaln sjiccics of 
spider as ’preeminently clever and artistic* 1 because of its ability to 
weave a web of unusually intricate design. He icgards the ele¬ 
phant as next to man m intelligence, and insists that “it can be 
taught a number of tricks, the drift and meaning of which it under¬ 
stands,” such, for example, as “kneeling in the picsencc of the king ** 
Moreover, he ascribed of the human passions to the highei 
animals. Craft and tieacheiy, jealousy and self-conceit, nobility and 
courage, apply to man and animal alike His language seems to 
imply a certain degree of ethical consciousness in some cases, as, for 
example, when he speaks of the mate as “sexually wanton/* of the 
partridge as “salacious/* and of the crow as “chaste/* In bud, Ins 
interpretation of the animal mind was naively antliiopomorplnc, and 
most of his evidence was drawn from anecdotal sources. Much the 
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same point of view was held by Plutarch and by Pliny the Elder, a 
few centuries later. The latter reports that an elephant in training 
for the Roman circus was found practicing his dancing lesson alone 
at night in the moonlight after being punished severely for domg 
poorly that day. These writers all seemed to argue that if an 
animal behaves like a man it must, perforce, also feel and think 
like a man. This principle, although often disguised by artful 
language, is basic to the position of the right wing party of whatever 
age 

Perhaps Descartes may be regarded as the first outstanding leader 
of the left wing paity. As everyone knows, this seventeenth cen¬ 
tury philosophci formulated the extreme mind-body dualism with 
which philosophy is still more or less afflicted, Since he regarded 
mind as essentially an eternal substance he was forced to deny mind 
to infiahuman organisms or to admit that they, as well as man, must 
be immortal. He chose the former alternative even as Liebmtz 
somewhat later chose the lattei. Descartes held that the animal had 
no mental poweis but was merely a sort of natural machine. He 
was thus forced to deny that animals possessed sensations and feel¬ 
ings of any kind, although he appeals, in a later phase, to have ad¬ 
mitted the possibility of vague sensations and desires in the higher 
animals In his first penod, he boldly declared that if a machine 
could be made exactly resembling in oigans and outward foim an 
ape, or other animal, its activities could not be distinguished by man 
from a genuine living individual of the given type. MaLebianche, 
a follower of Dcscaites, asserted that even such animals as dogs 
and cats “eat without pleasure, cry without pain, grow without 
knowing it, desne nothing, know nothing , . They are able, 
he aveis, to make apparently intelligent adjustments only “because 
God, in making them for self-picservatiun, has constituted then 
bodies in such a way that they withdraw oiganically and without 
knowing it from all that can destioy them and that they seem to fear n 

The Cartesian doctrine, although extremely mechanistic, engen¬ 
dered no conflict with the orthodox theology of the times, since it 
left the human soul intact and upheld the primacy of man Des¬ 
cartes himself declared that “aftei the erior of atheism, there is 
none which leads weak minds further astray from the path of virtue 
than the idea that the minds of animals resemble our own, and 
therefore that we have no gieater right to a future life than have 
gnats and ants . ” The veiy language of the aiguments used , 

1 Lx It I tklt 
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shows clearly that the left wing position was foimulatcd, not pri¬ 
marily because the facts seemed to requite it, but in order to uphold 
certain philosophical and theological opinions. 

Thus we see that the issue between the two opposing camps was 
very clearly drawn with the rise of Cartesian ism m the seventeenth 
century. On the one hand wc have anthoipomorphic analogy, often 
carried to a ridiculous extiemc, and on the other a nnnow mechan¬ 
istic interpretation of animal activities that belies the simple bio¬ 
logical and psychological facts of everyday experience The right 
wing party drew its chief inspiration fioin Anstotle and Inter Greek 
writers It rested primarily upon the naturalism of the Greek mind. 
For, had not AristotLe taught that man was merely the highest ani¬ 
mal? Had he not held that man belonged within the world of natmc 
rather than outside or above it? As a matter of fact the natural¬ 
ists .as a class have always been generous in their estimates of the 
animal nund The light wing party has always been composed to 
a large extent of genuine lovers of nature, with perhaps some thing 
of the sentimentalist in their make-up. 

The ungenerous views of the left wing party .ue usually supposed 
to represent the hard and cold logic of the scientific mind. Doubt¬ 
less this general position docs rest in part upon a propci critical 
attitude but often with a rigor that seems much too v.ealous to be 
strictly scientific. After all, Aristotle was much more of .1 scientist 
than Descartes from every point of view. As a mattci of fact, the 
left wing party drew much of its inspiration from the rising tide 
of mechanistic philosophy and science of the seventeenth and eight¬ 
eenth centuries Even befoie this it was fostcied by the so-called 
rational psychology of scholasticism which uuistcd* for theological 
reasons, upon the primacy of man. Man was regtuded as a lational 
being capable of moral responsibility, while the animals were mcicly 
driven about by uncontrollable instinctive impulses. The left wing 
position cannot be considered as a purely scientific reaction against 
the naivete of the sympathetic naturalist. It lias too many historic 
connections with philosophic and leligious movements to pi ess the 
claim of a scientific origin. In fact, its scientific connections axe no 
more direct than are those of the right wing pai ty. 

The controversy over the nature of the animal mind was raised 
anew by the announcement of the theory of evolution by Dm win 
in 1858, It is obvious that a thoroughgoing theory of evolution 
must include the mind of the infrahuman organisms and man him- 
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self in a continuous series Even such ardent followers of Darvvin 
as Wallace and Huxlev hesitated to beheve that man's mental, 
moral, and spiritual faculties had been derived fiom then rudiments 
in the higher animals The doctrine of mental evolutton as inclusive 
of the genus homo thus became the storm center of the -whole con¬ 
troversy over Darwinism The notion that mind as well as bodily 
structure and function had developed fiom natuial causes amounted 
to a denial of the pnmacy of man in any but a puiely quantitative 
and naturalistic sense The mind-body dichotomy was lather clcar- 
cut in the public mind because of the fact that the philosophic 
thought of the time was moie oi less permeated by Cartesian dual¬ 
ism The bitter attacks of the theologians and leligious leaders, 
who thought they saw in the new doctrine the collapse of moral 
culture and leligious faith, added tenseness to the situation It 
was this stubborn refusal on all sides to accept the fact of mental 
evolution, in so far as it applied to man, that was in a large part 
responsible for the anecdotal movement in comparative psychology. 

The anecdotalists confined their eftoits almost wholly to the 
collection of stones, sometimes of doubtful veracity, emphasizing 
the human-like behavioi of the higher animals. The lowci oigan- 
isms were of slight intetest since the traditional science and the¬ 
ology had placed the impassable gap to mental continuity between 
the higher animals and man. The problem thus practically nar¬ 
rowed down to showing that the higher animals possessed a rudi¬ 
mentary intelligence, out of which the moie diversified human 
mental life might conceivably have developed The need of the 
hour, if the doctrine of mental continuity and evolution weie to 
survive, was for a mass of conciete evidence, tending to show the 
beginnings of lational, emotional, social, and moral capacities in the 
higher animals In the absence of first-hand observations, appeal 
was had to the anecdote, which had always been in good repute in 
illustrating unusual conduct in animals in natural histoiv collections 

Dai win himself made considerable use of anecdote and few if any 
of the writers on natuial history of this penod avoided it altogether 
Scores of anecdotal collections appealed in which the tendency to 
humanize and eulogize the mental powers of higher animals reached 
the utter ridiculous, These collections often included matenal 
from Aristotle, Pliny, Plutarch, and othci of the ancients in addi¬ 
tion to that gathered from contemporary story-mongers In many 
cases the anecdotes were taken fiom unreliable souices or weie 
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mere hearsay, and in all cases the moral to the stoiy was that the 
am mal was “almost human” if not actually so. 

The essential argument in much of the anecdotal material is diffi¬ 
cult to follow on account of the loose manner in which fact and 
fancy are thrown together. In general, however, the anecdotes 
may be grouped so as to constitute the following three mam lines 
of so-called evidence in support of the contention that the higher ani¬ 
mals possess a mdimentary human mind; (l) anecdote* purporting 
to show some measure of reasoning ability, (2) anecdotes supposedly 
illustrating social behavior of a high order, and (3) anecdotes in 
which characteiistic human emotions indicative of sympathy, shame, 
deceit, courage, timidity, suspicion, jealousy, curiosity, emulation, 
sense of justice, sense of humor, etc., are apparently exhibited. Cun¬ 
ning and ingenuity in the natural envuonment such as that shown 
by the beaver m building its dam at strategic positions, or m domestic 
and captive animals in outwitting man, or learning tricks with ot 
without tuition would properly belong in Class L Imitation, pur¬ 
posive cooperation, intercommunication of ideas and plans of action 
by means of signs or sounds that serve the language function would 
fall in Class II The fallacy of anthiopomoiphic analogy \ cached its 
worst in the fanciful interpretations of Class III, the undcilying 
assumption seeming to be that if the animal acts like man it also 
feels and moralizes like man. 

The following arguments may be urged against the anecdote as a 
source of scientific information regarding the mental life and be¬ 
havior of animals: (l) that the observer is Likely to be untiamcd 
and unable to give an accurate account of the happening, even if his 
intentions are of the best; (2) that the interpretative elements arc 
likely to be confused m the report with the factual, making it im¬ 
possible for the scientist later to separate the two; (3) that the 
happening even when adequately reported is usually an incident 
cut off from the essential genetic antecedents (both individual and 
phylctic) which would explain it and give it proper significance; 
(4) that the happening, in the nature of the case, represents highly 
selected and atypical behavior that can have little oi no statistical 
validity; (5) that even if the tendency of mankind to humanize 
the animal whether in a scientific or literary mood—is restrained, 
errors of memory and of transmission (if verbal) arc likely to enter, 
an (6) there is the difficulty of selecting reliable, authentic material 
from the various available sources. It is evident that the method, 
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even when guardedly employed, which usuall}' is not the case, hardly 
deserves to be considered scientific in the strict sense. 

The anecdotal collections were widely read and the popular imagi¬ 
nation was deeply stirred. In fact, the wide appeal to the anecdote 
by the protagonists of the doctime of mental evolution was not alto¬ 
gether without value as a reaction against the older instinct-reason 
antithesis. Just as philosopher and theologian had previously twisted 
the facts in order to cieate an insuperable gulf between the mind of 
man and animal, so now by the opposite bias that gulf was not only 
bridged, but the difference between the mind of man and animal 
unduly minimized—owing in laige pait to the controversial temper 
of the times The general acceptance of the view of Darwin that 
the entne mental life of man must be included in the general scheme 
of mental evolution made the appeal to the anecdote no longer neces¬ 
sary or excusable. 

As might have been expected the last decade of the nineteenth cen- 
tuiy witnessed a sharp reaction against the anecdotalism and anthro- 
pomoiphism of the light wing paity. The outstanding leader in the 
new left wing movement was Jacques Loeb whose interest in the 
animal rrund grew out of his studies in comparative physiology The 
physiologists of the day were greatly concerned with the direct reac¬ 
tions of simple plants and animals to external stimuli The responses 
of simple forms to light, gravity, and other envnonmental eneigies 
aze often uniform and pzedictable and are commonly known as 
tiopisms. Taking his cue from this field of study, Loeb sought to 
extend the concept of tropistic reactions to the behavior of the 
mveitebrates as a gioup Since tropistic behavior was then regarded 
as physico-chemical and unconscious, this meant the denial of mind 
to all but the higher animals. Still later, he further extended his 
tropism theory to cover manv of the so-called instinctive activities of 
the higher animals and of man 

The tropism theory of Loeb was little short of a complete return 
to the mechanistic position of Descartes, and came as a fatal shock to 
the post-Darwinian humamzers. This bold attempt to analyze the 
behavior of lower organisms by physiological methods and to explain 
it in purely objective terms was little short of heroic in view of the 
anthropomorphic babblings of the times It was, indeed, a far ciy 
fiom the notion of Romanes that the insect flies into the candle 
flame out of innate cunositv to the contention of Loeb that it is 
forced to do so m a very literal sense when presented with the appio- 
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priate external stimulus. Among other criticisms of Loch’s theory 
the satirical attack of Claparcde is interesting. He pointed out that 
an observer from a distant planet might well suppose that human 
activity was also largely tropistic and lead such a one to speak of 
the doctor-tropism, coipse-tiopism, food-tiopism, etc , of mankind, 
The tropism theoiy of Locb oftcied a distinct challenge to the 

old school that had taken mote or less foi granted the supposition 

that even the lowest organisms possessed some forni of psychic life. 
Loeb held the elemental component of all psychic life to be “the 

activity of the associative memory” and maintained that, unless an 

organism could be shown to possess the capacity to form associations, 
its behavior must be considered unconscious. ,f Our entenon,” he 
says, “puts an end to metaphysical ideas that all mutter, and Hence 
the whole animal world, possesses consciousness/* The logical con¬ 
clusion is that tropistic and instinctive hehavior is wholly unconscious 
and that such oigaiusms as ate incapable of definitely profiting by 
experience are nothing more or less than lcflex machines 

This geneial point of view was accepted by Beer, Bethc, and von 
Uexkull, Nuel, Ziegler, and others, and by Bohn in a somewhat modi 
fkd fonn On the basis of this criterion, this gioup contended that 
most probably the invertebrates generally were devoid of conscious¬ 
ness. At any rate, an adequate account of then behavioi could be 
given in physico-chemical and behavior terms and without lefcicnce 
to any possible psychic life. In much the same vein, Titchcnci denied 
consciousness to plants, although accepting the current view of the 
right wing that all animal forms are conscious in some sense Bclhc’s 
contention that ants, bees, and other insects arc mere teflex machines 
stirred up no little controversy among the entomologists. Was- 
mann, although denying rational intelligence to even the higher 
vertebiatcs, insisted on assigning some sort of psychic life to insects, 
while Buttcl-Reepen, and especially For el, held that insects give 
evidence of a i datively complex mental hfc. For el went so far 
as to maintain that their behavior involves mcmoiy, associations of 
sensQiy images, perceptions, attention, habit formation, and simple 
powers of inference fiom analogy 
The long contioversy between the right and left wing patties led 
in time to concessions fioiu both sides Perhaps Lloyd Morgan 
est represents the tradition of the post-Darwinian school, which 
insisted on the validity of anthropomorphic interpretations of the 
animal mind He was among the first, however, to turn against the 
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extreme humanizing tendency which had been carried to such ab- 
surd lengths by the eailier anecdotalists He began his attack 
by deploring the use of anecdote and insisting that observation and 
experiment were the proper tools of the comparative psychologist as 
of other scientists He recognized the fact that man naturally 
tends to be anthiopomorphic in his attempts to interpret the behavioi 
of infrahuman types, and hence must ever be on his guaid in this 
respect He embodied this principle in the well-known canon of 
Morgan which runs as follows “In no case may we inteipret an 
action as the outcome of the exercise of a highei psychical faculty, 
if it can be interpieted as the outcome of the excicise of one which 
stands lower in the psychological scale ” This is meiely the law of 
parsimony—the cntical canon of general science—applied to the 
field of comparative psychology. While this seemed at the time to be 
a radical position, it has come to be generally accepted by the right 
wing party. The basic piinciple of the right wing—that anthio- 
pomorphic analogy is valid piocedure—was by no means given up 
The canon merely insisted that a certain amount of restraint should 
now be exercised in attempting to infer consciousness fiom behavior. 
While the measure was intended to be merely precautionary, never¬ 
theless it amounted to a large concession to the left wing party by 
effectively reducing the status of the animal mind. 

The left wing party under the leadership of Loeb had rested their 
case upon the criterion that consciousness was coextensive with the 
capacity to form associations, or habits They held that if an ani- 
mal could profit by individual experience it must be conscious in 
some sense. In general, the invertebrates were regarded as being 
without psychic life because it was assumed, on the basis of the 
work of Bethe and others, that they were incapable of even simple 
habit formation Then activities were thought to be tropistic and 
reflex throughout—and both tropisms and reflexes were defined as 
innate and unchangeable responses This attempt of Loeb and 
other mechanists to restrict consciousness to the highei animals was 
brought to naught by later experimental results showing that even 
the lowest of the invertebrates can learn under appropriate condi¬ 
tions The experimental facts were brought out by the early work 
of Jennings, Pieron, Yerkes, and others. In general, these investi¬ 
gators found that the behavioi of lowei organisms is not only vari¬ 
able but modifiable within limits. Such animals profit by experience 
much as do higher forms in ordinaiy tnal-and-error situations If 
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habit formation is to be taken as the crucial evidence for conscious¬ 
ness, then we shall have to admit that all living organisms aie 
conscious, since all of them can learn something. While the left 
wing party has never openly confessed defeat, tin's does not alter 
the fact that they have been successfully put to iout, since their cri¬ 
terion itself is meaningless with ovn present knowledge An honest 
logic would force them cither to set up a new ciitciion 01 to admit 
that so far as they know all animals may be conscious in some sense. 

It should be clear that the right and left wing parties aie much 
closer together now than foimcrly The difference between the 
views of Lloyd Morgan and his school and the views of Locb anti 
his school are, in reality, not very great* Suiely the distinction 
is much less marked than that between Aristotle and the post-Dar- 
winians, on the one hand, and Descartes and his followcis, on the 
other The controversy is no longer between naive anthropomor¬ 
phism and an out-and-out denial of mental life to all inf i a human 
organisms The right wing party has committed itself to the pi mciplc 
of critical anthropomorphism in accepting the canon of Morgan, 
whife Locb and his followers have never denied consciousness to 
the higher animals after the manner of Descaitcs In a sense, the 
tropism theory of Loeb was merely an application of the canon of 
Morgan—albeit somewhat strictly—to the lower organisms. For, 
if the behavior of these forms can be explained without an appeal 
to a psychic factor, then, according to the canon of Morgan, such 
a factor should not be brought in The main point of difference 
between these two schools, of a generation ago, was as to the extent 
of a mental life of some sort among living organisms Locb held 
that the psychic factor made its appearance only in the vertebrate 
stem, while Morgan inclined to the opinion that all living organisms 
possessed a low form of consciousness which he termed sentience. 
Morgan denied reasoning ability to all the higher animals, and most 
probably did not rate their mental life much above the level to which 
Loeb would have been willing to subscribe It is small wondei, 
then, that the controversy between the right and left wing parties 
gradually died out. 

This turn of events gave the center, or model ate, party an oppor¬ 
tunity to come to the fore—perhaps for the first time in history. 

his group began by deploring the whole controveisy concerning 
the presence and nature of the animal mind as futile and ridiculous 

hey stressed the fact that any attempt to interpret the subjective 
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life of the animal was fallacious anthropomorphism. The inner life 
of the animal, if such they have, is forever hidden from man for the 
simple reason that we can never gain any first-hand knowledge of 
it It may well be that a dog is conscious, but how can the psycholo¬ 
gist, who has nevei been a dog, possess any insight into the mental 
states of his pet? As a matter of fact, it is difficult enough for 
one person to understand the experience of another by means of 
language and emotional expiession This difficulty is greatly in¬ 
creased when the other person is an infant below the language level 
or an insane person possessed of an inner life that must differ from 
our own. The difficulty becomes insupciable, however, when the 
organism is an animal whose experience must be essentially different 
from that of man and who has no language by which to communi¬ 
cate to us anything whatsoever concerning the nature of that differ¬ 
ence Moreover, the question as to whether an animal is conscious 
or not lias httle oi no significance if we aie unable to determine 
anything regaiding the nature of its mind The attitude of the 
cential group is thus one of frank agnosticism. It should be borne 
in mind, howevci, that to deny that we can ever know anything 
about the mental life of infrahuman organisms is very far from deny¬ 
ing that they possess a psychic life of some sort. 

The adoption of this point of view meant that a new and wholly 
objective approach must be made in the analysis of the activities of 
the organism. In the new system of analysis, such distinctions as 
mind-body, subjective-objective, conscious-unconscious, and the like 
are not only irrelevant but essentially meaningless. The behavior of 
the organism as a whole is regarded as a self-explanatory system 
when the proper modes of analysis aie employed. The objectivist 
may speak of intelligent and non-mtelligent behavior but never of 
conscious and unconscious behavioi in dealing with the animal sub¬ 
ject Whether behavior is intelligent 01 not is a matter that can 
be checked objectively, and to say that behavior is intelligent is by 
no means to say that it is conscious When behavior involves an 
adjustment to environment in a manner which successfully meets 
the needs of the organism it may be rcgaided as intelligent As 
thus broadly applied the term covers much behavior which, even in 
man, is usually regarded as unconscious The ccntei party, which 
is dominant at the present time, thus claims to know nothing of 
the animal mind except the bare fact that they can never know 
anything about it Neither its existence nor its non-existence can 



60 


JOURNAL OF GENETIC PSYCHOLOGY 


be proven m specific cases, nor in general. The tcira wind , and with 
it all subjective implications, has been dropped fiom the universe 
of discourse of modern comparative psychology As cvciyonc knows, 
Dr. Watson would drop it as well from the field of human psy¬ 
chology, but I shall not enter into any discussion of this point since 
it does not directly hear upon my topic. 

The development of the objective viewpoint in the animal field 
forms n very interesting chapter \n the history of psychology. In 
the brief time at my command I shall be able to mention only a 
few of the more immediate influences that led to its emcigcnce 
Perhaps the most important single factoi was the vigorous growth 
of experimental work in the animal field. Laboiatoiy studies of 
animal behavior began with Lubbock and Lloyd Morgan about 1890 
and rose to prominence, especially in America, mound the turn of 
the century under the leadership of Jennings, Thorndike, Kline 
and Small, Parker, Yerkes, and many otlieib The experimentalists 
became more and more interested m obseiving and reporting behavior 
and showed a constantly decieasing interest in subjective specula¬ 
tions of the interpietative sort. The famous attack of James on the 
concept of consciousness as an entity and the assettion of Cattell 
that even the human psychologist might deal with the puicly object¬ 
ive phases of behavior without recouise to introspection and sub¬ 
jective interpretation doubtless were also effective. It was the 
general attack of Watson on the introspective method and mentahstic 
concepts, however, which initiated the objective movement as such 
in the nmmal field His position that any attempt to deal with 
the problem of the presence and nature of consciousness was .sheer 
speculation became the guiding principle of the center party. 

Perhaps there are some who consider the present objective move¬ 
ment in comparative psychology as merely a continuation of the left 
wing party, It should be clear, however, fiom what has gone before 
that this is not the case, Loeb did not deny the validity of inferring 
the presence of psychic life in lnfrahuman organisms from their be¬ 
havior, As a matter of fact, he explicitly insisted that such infei- 
ences were possible and formulated a criterion for determining the 
matter, i,e M the ability to profit by experience. Furthcimoic, ho 
denied the presence of consciousness in the invertebrates on the basis 
of his criterion, and admitted that the vertebrates possessed conscious¬ 
ness, Such a position is far from a frank agnosticism rcgaiding 
the whole issue, Loeb did not deny the mind-body dichotomy 
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although he was seeking to fiee the study of behavior from the dom¬ 
inance of metaphysics. Fuithermore, Loeb’s viewpoint is shot 
through and though with a nanow mechanistic philosophy which 
is thoroughly obnoxious to the comparative psychologists of today. 
While a certain overemphasis has been placed upon nanow behav- 
ionstic and reflexological fonmilations by some compaiativc psy¬ 
chologists, the dominant trend in this field at present is toward a 
broad oiganismic conception of behavior 

Although the animal psychologist of today must disclaim any 
knowledge of the animal mind, he harbois great aspirations for the 
future of his science. For he finds that it is possible to understand 
behavior in terms of objective categories without raising the problem 
of the possible conscious concomitants of the various activities in¬ 
volved This may be accomplished by a sj'stematic analysis of the 
oigamsm in tcims of typical stimulation-response processes. The 
task is by no means simple even in the case of simple organisms and 
it becomes increasingly difficult as we approach the human level 
in the phylogenetic scale The outstanding handicap, perhaps, in 
bchavioial study is our inability to give the animal verbal directions 
concerning what is to be requned of him in test situations. But 
this is compensated for, to some extent at least, by the fact that we 
can contiol our test conditions much more rigoiously than is usually 
possible in the human field. Moieover, we can employ operative and 
other extreme measures which are manifestly out of the question in 
dealing with human material. 

Most of the problems of the traditional human psychology— 
except those dealing directly with subjective expeiiencc—can be 
included in the general piogram of behavioral analysis. We may 
regaid the larger field of animal behavior as compiising two mam 
subfields, the one concerned with sensoiy capacities and the other 
with reactive capacities. Methods for the objective study of sen¬ 
sory capacities have become fairly well standaidized in lecent years 
Such indices as sensory acuity, discrimination Iimens of various soits, 
range of sensitivity, and the like can now be determined, by long 
and painstaking experimental pioceduies, WLthin each of the great 
stimulus domains. Special problems in the visual field relating to 
size, form, and pattern discrimination, illusions, color vision, etc , 
can also be attacked Such intricate pioblcms as pitch, loudness, and 
timbre discrimination, sound localization, and the like in the field of 
audition are now open to intensive study. 
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In the general subfield of the reactive capacities, wc must resort 
very largely to field observation in investigating typical bcliavior 
associated with the securing of food, protection, primary ami see- 
ondary ecx activities, and natuial biotic community life, In the 
main oui laboiatory work here centers mound the three following 
topics: (1) learning and retention ability, (2) motivation faclois 
underlying behavior, and (3) general level of intelligence. Each 
of these classes of behavior may be approached by the genetic method, 
m which the developmental aspect is emphasized, as well as by the 
usual cioss-section method. Finally, the piogram of hchavioial 
analysis includes the intcrcompanson of types and individuals m 
terms of common indices of behavior in so far as these may be secured. 

It is interesting to note in this connection that the vigorous 
growth of animal experimentation has greatly influenced the trend 
of development in human psychology The findings in the annual 
field cannot, as a rule, be carried over directly to the human field. 
But the extension of supposedly human problems to infrahuman 
organisms has often upset subjective explanations that had been long 
regarded as well established. It has been necessary, on account of 
the findings in the animal field, for the human psychologist to elimi¬ 
nate certain explanations altogether and to shift the point of empha¬ 
sis with respect to others, In general, wc may say that animal 
psychology has operated as a corrective to human psychology at 
nearly every turn. The newer compmativc psychology is essentially 
biological in the broadcT sense, and human psychology is giadually 
coming to adjust itself to this natuial and fruitful point of view 
We hear less of ideas and intellection in human psychology today 
and more of intelligence than formerly, the latter being legarded as 
the activity of the organism as a whole rather than as a faculty or 
activity of the mind The subjective studies of a generation ago, 
which weie of no interest outside of academic circles, now lie dust' 
covered and forgotten. The human psychologist has at last become 
interested in behavior rather than mental states and doubtless the 
movement in the animal field is largely lesponsible for this. 

The notion seems to peisist in some quarteis that the primary aim 
of animal studies is to make discoveiies that will thiow some light 
upon human behavior problems, But such a naivow view of animal 
psychology has long since been outgrown. The animal psychologist 
o today seeks to find an intrinsic interest m the behavior of each 
type studied. The broader aim of the science is to make all possible 



THE ANIMAL MIND 


63 


intercomparisons of behavior and not merely to relate the behavior of 
the animal to that of man The difference in behavior between the 
amoeba and the earthworm may be of more consequence in the sys¬ 
tematic development of the science than the difference between chim¬ 
panzee and man In bnef, the comparative psychologist is inteicsted 
in behavior at ail levels of complexity. He hopes in time to build 
up a science of evolutionary psychology as broad in scope as the 
sister sciences of compaiative moiphology and comparative physi¬ 
ology At the present time neither of the latter disciplines is domi¬ 
nated by human matcual. Animal psychology must seek to attain 
a like degiec of independence if it is ever to become a well-rounded 
and systematic science, and thus achieve its natural destiny. 
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L'ESPRIT DES ANIMAUX 
(Resume) 

C J est un resume historique et critique du d6veloppement dc Popinion dans 
le domainc de la psychologic comparative L’nutcur leconnait trois pnn- 
cipales £coles de pensce L’aile droite, I'aile gauche, et le centre Le parti 
de l’nile droite est paitisan de ranthiopomoiphisme dans l’interpietation 
des activites des ammaux et tendent done a humamser le comportcment Lc 
paiti de l'aile gauche se compose de mecamstes extremes tels que Descartes 
et Loeb Le paiti (hi centre ne me pas la presence de Pesprit chez les 
ammnux mais pense qu’il est impossible de le connaitre, oil dircctcment 
ou par inference Se dernier groupe, maintenant le plus foit, sc compose 
d’orgamcistes plutot que de mecamstes puisquhl appuie sur Vimpoitance 
de la complexitc dc ^organisation des syslimes vivants II etudic lc com¬ 
portcment au moycn de methodcs expenmentales quand possible et cherchc 
a expliquei le comportcment des ammnux cn tciincs dc catcgoucs objectives 
plutot que inentalistes Ce mouvement est mieux iepi6seiue dans la psy- 
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chologie compai ative dc I’Amiriquc, surtoijt dang sea (Uvcloppementi }< s 
plus ricents. Dans 1c laboffttoire amdncain, oil a InvciUc dcs niithodes 
pout la raestue precise ties capacites seiuoriellcs dans des conditions con- 
troldes comme il le faiit Tout le donumo de la discrimination scn- 
sonclle cst nontenant ouveit h I'analyse exp&rnnentale L'&lwlc dcs capa¬ 
city du comportment dcvient aussi dc plus ca plus quantitative e» precise 
Cela est suitout vrai dans lea domaines dcs mobiles, dc I’apprcnhssage, et 
de ^intelligence L'emploi rduasi dcs mdtliodobjectives dans lc dommne 
de l l 6tude des iimmairc a tendtt h rendre ta psychologic humutnc motna 
subjective et plus scientifitiuci 

Warden 


DER GEIST DES TIMES 
(Rcferat) 

Der Verfasser bietct uns hier einen Bciicht uber die Entwicklung der 
Visaenschaftlichen Memung ini Bercicb der yeigleicheiulcrt Psychologic Er 
erkennt dm Iiftuptsduilen der Mcinung an emeu recti ten FUircI, emeu 
hnlcen Flugel, und ein Zentrum Die Partei des Rechtui bcharicn <mf den 
Anthropomorphisms bci der Dcutung der Tntigkcltcn von Ticrcn unci ist 
also zur Yermcnschhchung [humanizing] dcs Bctiagcfla genugt Die 
Partei des hnken Flugels besteht aus cxtiemcn Mcchnimtcn, so wic sic 
Descartes und loeb darstellen Die Pnrter de9 Centrums veineint nicht die 
Existcnz des Geistes be! Ticren, behaupten aber, class dicscr Gcist [mind] 
sowohl ditekt vac durch Folgcrung unkentibur bt, Die&c IcUtcrc Giuppc, 
die jeUt die Oberhand hah sind eher Organiflisten wie Mek.init.teih da sic 
die Wichtlgkeit der Kompliziertheit der Organisation bci lclicmlcn Systcmen 
betonen, Sie untetauchen dea Benchmen 'wo inoghch mil experimcntellen 
Verfahren utul versuchen, dass Benchmen dei Ticre untci Vcrwenduiig 
eher objektiyer als Innerlich-gcistiger [mcntaliatic] Begiiffc zii crklurcn. 
Diese Bewegung wird am Besten durch die verglejcliendc Psychologic der 
Yercitugten Staaten* besonclccs m deren neubchcren Entwick lunge n f am 
Besten vertreten, Iin amerikanisdhen Lnboratarmm smd Methodcn erfunden 
vyorden fur die genaue Bestimmung der Sinnesfnhigkcite-n [acnsoiy capaci- 
tits] water nctuig kontrolherten Bcdingnngen, Das gnnzc Bereich der sen- 
soriellen Umerscheidungsfnhigkeit [sensory discrimination] wt nun der 
expcnmentellen Analyse zuganghch. Die Unterauchung (let Fahigkcit zu 
Tarigkeitcn [behavioral capacities] gestaltct sich ebenfails immei mchr 
qunntiUUv und genau Diese BehaupUing bezieht sieli besonders «uif die 
Bereiche der Motmeiung, dcs Lerncna, und der Intelhgenz Die erfolg- 
reiche Verwendung der objektiven Methoden im Bcreich der Tieipsycholo¬ 
gic ist danach genchtet, dazn, auch die Mcnschenpsychologie vvemgci sub- 
jektiv und mehr wissenschaftlich zu gestahen 


Warden 



ADOLESCENT INTERESTS AND ABILITIES* 

From The Lincoln School of Teacheis College, Columbia University 
Gertrude Hiepreth 

Peisonality and interest questionnanes seive two major puiposes 
in the high school They contnbute, on the one hand, to pupil 
guidance and adjustment activities, and, on the other, to research 
in the psychology of adolescence, For both purposes a questionnane 
or check list is moie satisfactory than opinion based on cuisory ob¬ 
servation of pupils or unconti oiled intei views in which emotional 
factors often invalidate evidence Nevertheless, foi both guidance 
and lescarch functions the questionnane has ceitam limitations which 
have previously been pointed out and will be reitciated here, Since 
the research and scivicc functions constitute two scpaiatc topics, 
the picsent repoit will be confined to a summary of questionnaire 
results as a contribution to adolescent psychology 

A number of studies to which refei cnees aie given in the bibli¬ 
ography have pieviously been made of the lelation between intciests 
and abilities of school children Most of these investigations reveal 
some degiee of positive corielation between mental matuiity, intel¬ 
ligence, and interests of various types—spoits, school subjects, lead¬ 
ing, vocations, and other activities, The essentially new feature of 
the present repoit is the investigation of the interests and abilities 
of high-school pupils of two distinctly diffeient social and economic 
levels One gioup consists of pupils fiom a private school, enrolling 
pupils fiom homes of cultuie and supeiior social and economic 
status Objective evidence that the majority of homes fiom which 
these pupils come aie superior to average homes has been obtained 
thiough the use of the Sims score caid Piactically all of the pupils 
live in New York City 01 in adjacent suburban communities The 
second group of pupils live in an industiial city not fai distant, The 
homes from which these childien come aie typical of industrial com¬ 
munities the countiy ovei, though the pioximity to New York gives 
this community the advantage in cultuial opportunity In both 

^Accepted foi pubhcntion by Call Murchison of the Editonal Boaid and 
received in the Editorial Office, August 5, 1932 
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groups there are pupils whose parents arc foreign-born, but in the 
private-school group such parents arc scientists, business executives, 
or professional people; whereas in tile public-school group the for¬ 
eign-born parents are primarily industrial workers 

To these two groups of pupils a series of experimental scholastic 
aptitude and achievement tests and a check list of activities and 
interests were given under uniform conditions. Identical dnections 
were used in examining m both types of schools. The experimental 
tests consisted of five pai ts: 

1, Information Illustration (tf) The kangaroo is a native 
of—(1) North Amcnca (2) Africa (3) The West Indies (4) 
Australia (5) Southern Europe [b) Asbestos comes from—(l) 
trees (2) mines (3) oceans (4) cotton (5) skins- 

2. Vocabulary, Pupils were asked to write the definitions of 

fifty words of gradually increasing difficulty, illustiated in sentences- 
To ABANDON a friend.A DENIZEN of the town 

3 Mathematical Reasoning, This test consisted of sixteen 

graded reasoning problems Illustrations! (a) If a iccipe calls for 
2 l /z pints of milk for 6 people, how many pints arc needed for 9 
people? (b) The temperature, f, an a Fahrenheit thermometer equals 
9/5 the tempera tine on a centigrade, c, plus 32. Complete this foi- 
mula* /=( ) . 

4 Completions Twenty-two problems of increasing difficulty. 


Illustrations, (a) Children go to. ..to lea in to. . 

and wjite (J>) The expansion and.of metals is. . 

. . < ..changes in , . f . f 


5. Reasoning v A series of 18 problems containing numbei senes 
completion, analogies, and syllogisms. Scores on these tests weie 
given the following weighting- information, J4; mathematics, 2; 
completions, Total scores weie computed using these weights 
A copy of the check list used for obtaining infoimation about ac¬ 
tivities and interests is found on the following pages. Items to be 
checked were grouped in the following categories: I. Rccicational 
activities, (a) Gaines, (6) Other activities. II. Picfcrred asso¬ 
ciates. Ill School subjects. IV. School piefeired aftci high 
school. V Reading, (a) Books read during the past year oi two. 
{b) The types of books liked best, (c) Magazines. VI. Vocational 
preferences. 
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NAME , AGE GRADE DATE , 

SCHOOL ,, , . BOY .., GIRL 


I Recreational 


CHECK LIST 


A Gamcs- 

—Write the numbers 1, 2, and 3 before the games you enjoy 
the most, indicating your first choice as No 1. 

Anagrams 

Crokinole 

Pool 

Archery 

Croquet 

Quoits 

Authors 

Ctoss-word puzzles 

Soccer 

Backgammon 

Dominoes 

Squash 

Baseball 

Football 

Tennis 

Basketball 

Golf 

Track 

Biliiaids 

Handball 

Volley ball 

Bowling 

Boxing 

Hockey 

Mah Jong 

Wrestling 

Bridge 

Marbles 

Others 

Checkers 

Pingpong 


Chess 

Poker 

, 

Crap games 

Polo 



B Othei Activities—-Write the number 1 to 5 before the activities you 
most enjoy, indicating your first choice as No 1 


Watching athletic events 
Looking up information 
Gymnasium apparatus work 
Taking care of children 
Taking care of animals 
Belonging to social clubs 
Playing Victrola or radio 
Playing piano 

Playing other musical instru¬ 
ments 

Going to Sunday School 
Going to church 
Writing poems or stories or 
for magazines 
Collecting, e g , stamps 
Entertaining company 
Speaking to an audience 
Drawing or painting 
Working around machinery 
Dining in unusunl places 
Embioidery, fancy work 
Knitting or crocheting 
Working with tools 
Doing science experiments 
Mountain climbing 
Driving an automobile 
Flying an airplane 
Visiting museums 
Inventing things 
Day-dreaming 


Ice skating 

Racing 

Roller skating 

Picnics 

Hoisehack riding 

Fishing 

Attending movies 

Traveling 

Attending plays 

Camping 

Attending concerts 

Hiking 

Attending operas 

Walking 

Bicycle riding 

Hunting 

Social dancing 

Boating 

Folk dancing 

Canoeing 

Going to parties 

Yachting 

Attending lecturea 

Cooking 

Having "dates” 

Reading 

Building things 

Tobogganing 

Repairing things 

Gardening 

Running races 

Exploring 

Taking pictures 

Singing 

Making dresses 

Skung 

House work 

Snowshoeing 

Giving parties 

Swimming 

Composing music 


Trap shooting 


Studying lessons 


Running a club 


Playing charades 


Amateur dramatics 


Fmm activities 


Talking to people 


Giving plays 


Othei s 
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II. Preferred Associates 

A Cheeked associates you prefer 
1 Older boys 4 Older girls 

Z Younger boys 5 Younger girls 

3 Boys your own age 6 Girls your own age 


7 Mother 

8 Father 

9 Other nilultH 
1G No comp an lo ns 


III. School Subjects 


A Write the numbers \, 2, and 3 before the subjects you like beat, 
of those you have taken m high school, indicating your first 
choice as No, 1 


Algebra 

Amencan history 

Ancient history 

Biology 

Bookkeeping 

Botany 

Chemistry 

Civics 

Costume design 
Dramatics 
Economics 
English 

European history 
Fine aits, drawing, 
painting 
French 


General science 

Geometry 

Geography 

German 

Greek 

Household arts, cook¬ 
ing, etc 
Industrial arta 
Italian 
Latin 

Mechanical dinwing 
Modern history 
Music—sing mg 
Natme study 
Orchestra 
Physical education 


Physics 

Physiology or hygiene 
Shop work 
S ho u hand 
Social studies 
Spanish 
Tiigunometiy 
Typewriting 
World history 
Zoology 

Others. 


IV Colleges 

A Check the type of school you would like to attend after high 
school, or when you arc qualified Write in the name of the 
school if you know it 
State university . . . . , 

State agricultural school 
State engineering school , 

Normal school , , , 

Teachers college 

Art school ., , . , 

Trade school 

Large coeducational college 
Small coeducational college 
Small womens college 
Small men’s college » 

Large men's college or university 
Large women’s college or university 
Kindergarten training school ,, 

School of commerce or business school , , 

Music ^ school ... 

Finishing school 
Boarding school . 

Dramatic school . 

Theological seminary 
Medical school 
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Law school . . ... * * 

Dental school , .... . 

Junior college ... . . - 

No school 

V Reading 
A Books 

1 Write below the names of the four books you liked best of 
those you have read during the past year or two 


2 


Underline the type of book you like best in 

Dnections for doing or making things 

Encyclopedias and books of knowledge 

Stories of home and school life 

Nature and animal stories 

Novels and love stones 

Folk tales and legends 

Historical novels 

Adventure stories 

Nonsense stones 

My9tery stones 

Others 


general 

Short stories 

Philosophy 

Biogi aphy 

Classics 

History 

Science 

Travel 

Poetry 

Plays 

Aits 


B Magazines 

I Write the numbeis f, 2, and 3 before the rnagnzincs you most 


enjoy re 

American 
American Boy 
American Cookery 
American Girl 
Amci lean Home 
American Mcicnry 
Arts and Dccotation 
Asia 

Atlantic Monthly 

Bookman 

Books 

Boy Mechanic 
Boy's Life 
Centui y 

Christian Herald 
College Humor 
Collier's 
Cosmopolitan 
Count} y Life 
Cun eat History 
Current Opinion 
Delineator 
Detective Stones 


ig, indicating your fiist 
Etude 

Everybody's 
Field and Stream 
Foi nm 
Girl Scouts 
Golden Book 
Good Housekeeping 
Harper's Bazaai 
House Beautiful 
Illustrated London 
Hews 

Independent 
Industrial Arts Maga¬ 
zine 
Judge 

Ladies Home Journal 

Liberty 

Life 

Literaly Digest 
Manchester Guardian 
Mentor * 

Modem P ns cilia 
Motion Picture Classics 


choice as No I 
Movie Romances 
Musical Amcnca 
Musician 

National Geographic 

New Republic 

New Yorker 

North Amencan Review 

Open Road 

Outlook 

Photoplay 

Physical Culture 

Pictorial Review 

Po elry 

Popular Mechanics 
Popular Science 
Psychology 
Radio News 
Readers' Digest 
Red Book 

Review of Reviews 
Romance 

Saturday Evening Post 
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Saturday Review 0 } 
Literature 
School and Society 
Scientiftc A m erica n 
Scrcenland 
Scribner's 
Spur 


Si Nicholas 
Time 

Theatre Guild Magazine 
Theatre Magazine 
Travel 
True Stories 
Vanity Fair 


Vogue 

IVomait's Home Com - 
pa trio n 
Yachting 
Yale Review 
Youth's Companion 
Others. 


VL Vocational 


A» Check the name of three occupations you think you would like 
bestj numbering your preferences in order No, I first choice, 


Accountant 

Doctor 

Acrobat 

Dressmaker 

Actor 

Editor 

Architect 

Electrical engineer 

Army or navy officer 

Electrician 

Artist 

Explorer 

Athletic director 

Factory worker 

Automobile racer 

Factory manager 

Automobile repairman 

Farmer 

Automobile salesman 

Fireman or brnkemtm 

Aviator 

Fisherman 

Baker 

FI oris t 

Banker 

Football conch 

Bank teller 

Forest ranger 

Barber 

Governess 

Baseball player 

Grocer 

Bookkeeper 

Homemnker 

Boxer 

Housekeeper 

Broker 

House painter 

Budding contractor 

Hotel keeper or man¬ 

Busiue&a executive 

ager 

Butcher 

Interior decorator 

Buyer of merchandise 

In terpreter 

Carpenter 

Inventor 

Cartoonist 

Janitor 

Cashier m bank 

Jazz orchestra player 

Chauffeur 

Jeweler 

Chemist 

Journalist 

Civil engineer 

Laboratory technician 

Civil service employee 

Landscape gardener 

Clerk 

Lawyer or judge 

College professor 

Librarian 

Comedian 

Life guard 

Conductor or motormar 

1 Life insurance salesman 

Consul 

Locomotive engineer 

Costume designer 

Machinist 

Dairyman 

Magazine illustrator 

Dancer 

Magazine writer 

Decorator 

Mairnf ncturer 

Delive ryman 

Mechanical engineer 

Dentist 

Merchant 

Detective 

Milliner 

Dietitian 

Mining superintendent 


Musicinn 
Mivne tencher 
Novelist 
Nurse 

Office clerk 
Office manager 
Orntoi or lecturer 
Oichestra conductor 
Pharmacist 
Photographer 
Playground director 
Playwritci 
Policem an 
Politician 

Preacher or priest 

Plumber 

Printer 

Private sccrctnry 
Psychologist 
Publicity manager 
Railway conductor 
Rancher 

Real estate salesman 
Reportei 
Retailer 
Sales clerk 
Sales manager 
School ndmmistrator 
School teacher 
Scientific 1 esc arch 
workei 

Secret service man 
Ship officer 
Shop foreman 
Social woikcr 
Soldier or sflilm 
Stage manager 
Statesman 

Stcnogiaphcr 01 typist 

Statistician 

Stock breeder 

Surgeon 

Surveyor 
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Switchboard operator 

Tailor 

Teamster 

Toolmaker 

Traveling salesman 


Truck driver 
Undertaker 
Waiter or waitress 
Wholesaler 
Wireless operator 


Worker in Y M or Y. 

W C A 
Others* 


Pupils were advised not to confine their choices to the items given 
in the check list but to supply missing items if those constituted 
actual preferences Foi example, if the occupation they wished 
to enter was not included in the list, pupils were asked to wiite 
the name of the occupation at the end of the list and to check it. 
The analysis of results indicates that private-school pupils were less 
apt than public-school pupils to restrict their choices to the conven¬ 
tional prepared list. Occasionally instructions required the check¬ 
ing of several items in Older of pieference. This constituted a dif¬ 
ficulty for many of the childicn who stated that they were unable 
to distinguish between the order of their choices, although they had 
no difficulty in selecting from the list the activities and interests 
they prefeired. For this reason m some of the tabulations of re¬ 
sponses no distinction was made between choices of first, second, 
third, or other order 

Both the check list and scholastic tests were given to all ninth- 
and twelfth-grade pupils in the two schools These grades corre¬ 
spond to freshman and senior high-school years The number of 
pupils, the sex distribution, and the median chronological age of 
each group are given in Table 1 . 

The chief limitation to the questionnaire as a reseaich instrument 
is the difficulty of detei mining the reliability of pupil responses. Is 
the child giving a picture of himself as he is, 01 as he would like 
to be, oi as he would like to have others think he is? Is the pupil 
joking or is he in cat nest? Is he intentionally trying to obscure 
certain facts thiough giving others? The very listing of items to 
be checked may be highly suggestive and prompt a response which 


TABLE 1 



Public S 

9 tli 

Public S 
12th 

Private S 
9th 

Private 1 
12 th 

Number of pupils 

115 

67 

58 

36 

Boys 

60 

36 

29 

16 

Girls 

55 

31 

29 

20 

Median age 

15-0 

17-9 

14-7 

17-6 
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might otherwise never have occurred* Several studies have indicated 
die fluctuating chnractei of pupil interests as observed by means of 
questionnaires* The dav, the week, the season of the ycai, the im¬ 
mediate preceding cxpci icm.es, the pupil’s emotional tone at the time 
of lesponse, his physical well-being, ail influence icsponse to a 
greater or less degree* The influence of suggestion from chum or 
teacher, the subtle suggestion of the immediate environment may 
influence the child's responses in difteient ways on vaiying occasions, 
The wav in which the material of the questionnaire is organized and 
presented may again influence the pupil’s choice in such a way as to 
make the resulting pictuie unreliable Certainly a "paper-and-pencil” 
device suffers in comparison with long-time, cnrcfuUy conti oiled 
observation of the pupil actually at work or play 

Considerable fluctuation in pupil interests and activities during 
adolescence is typical and may be anticipated no matter how lchablc 
the observation But fluctuations due to the technique of observa¬ 
tion may tend to obscure the true picture of the situation. The 
validity and reliability of questionnaire responses can be dcteimincd 
in part thiough the inner consistency of results, and the degree to 
which the picture of the individual given by the questionnaire checks 
with other observations of the individual undci si mil a 1 conditions 
If many cases result in which pupils who ate known to dislike school 
work and to prefer active sports to sedentary games give pictures 
of themselves on written questionnaires as pedantic scholnis and 
inveterate bookworms the reliability of the questionnaire data is at 
once questioned If the numbci of cases in which wide discrepancy 
occurs is negligible and if the total findings give some appi oximation 
to results obtained by others, the results may be considered reliable 
enough for piactical purposes. The reliability of the group pictuic 
may normally be expected to be higher than the reliability of the 
individual pictuie, Ordinarily the moie mature the individual the 
moic capable he is of giving a true statement of the facts uninfluenced 
by suggestion. 

In the present questionnaire all items to be checked were arianged 
in alphabetical order. Only in the longest lists did there appeal to 
be any tendency to concentrate responses moie towaid the beginning 
than toward the end of the list. Public-school pupils were some¬ 
what more prone to neglect the last few items m the Ion get lists 
than were private-school pupils. 

Results from the picscnt questionnaire data indicate in the main 
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a sciious attitude on the part of the pupils responding, and little 
attempt to give an imaginary picture in place of the ical one. The 
questionnaire lesults tally well with known facts about individual 
pupils. Even the girl who asserted on the check list that she wished 
to become an “undeitakei” insisted when questioned afterwaids 
that she actually meant it In general, then, considerable signifi¬ 
cance may be attached to the results The questionnaires were given 
m the spnng of the year, a fact which piobably affected somewhat 
the choices under the heading of "sports ,J 

Topics of Inquiry 

The data furnish evidence concerning some of the following ques¬ 
tions 

1 The natuie of individual differences in response foi different 
school and grade gioups. 

2 Sex diffeicnees foi the two glade levels in the two types of 
schools, 

3 Comparison of upper- and lower-giade responses in the two 
types of schools. 

4 Comparison of lesponses of pupils fiom diffeient environ¬ 
ments, at two different grade levels, This diffeis fiom item 3 in 
its emphasis on environmental differences in contrast to grade-level 
differences 

5 Central tendency in frequency of response in the two types 
of schools at the two grade levels, 

6. Companson of responses for pupils of similar age but of rela¬ 
tively high and low mental ability. 

Summary of Questionnaire Responses and Test Results 

The experimental tests described iri an eailier paiagiaph measure 
a combination of intelligence and achievement factors, but since the 
latter is largely dependent upon the former any differences found 
may be consideted differences in mental maturity In interpreting 
results, the fact that at both grade levels private-school pupils were 
on the aveiagc several months youngei than public-school pupils of 
the same grade level makes it necessary to give pnvatc-school pupils 
allowance for the age factor. 

The median total test scores for all pupils arc shown in Table 2. 
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Public S 
9th 

Private S, 
9th 

Public S. 
12th 

Private S. 
12th 

Number of cases 

115 

58 

67 

36 

Highest 

96 

121 

133 

143 

Q a 

59 6 

99 2 

99 

130 

Median 

49 6 

S3 3 

82 5 

117 5 

Q l 

43,6 

73 5 

64 0 

100 

Low cst 

24 

Si 

37 

66 

Q 

8 

12 9 

17,5 

15 


These scores indicate the decided superiority of the private-school 
group over the public-school group in mental maturity. When the 
age factor is taken into account the actual differences m relative 
ability are still greater. Even the direct comparison of scores given 
above indicates that the ninth-grade private-school pupils rank slightly 
above the twelfth-giade public-school pupils, These results are in 
haimony with other reports of the mental superiority of private- 
school pupils in general This superiority is no doubt due to both 
environmental and native ability factors, but whether one set of fac¬ 
tors plays a larger part than the other has not been conclusively 
determined Results show that even at earliest school entrance 
puvatc-school pupils are a highly endowed group and favorable 
opportunity no doubt enables such pupils to make the most of their 
abilities On the other hand, opportunity to use ability has not 
been lacking m the public-school group for they have attended mod¬ 
ern, well-equipped schools, have ample free library facilities, and in 
the case of the particular group reported here have all the facilities 
of a nearby large city at their disposal. 

In the following summaries of questionnaire results items with 
the five highest frequencies of votes arc listed in order of frequency. 
No distinction is made between the order of pupils 1 choices, first, 
second, or third, In case of a tie in frequency, items of duplicate 
frequency are given. In making comparisons between the different 
groups it must be noted that all private-school groups are smaller 
than public-school groups at corresponding grade levels, and this fac¬ 
tor may affect both the range of choice and the reliability of data 

Following each list of items a statement is made of the lange 
of choice of possible choices, 
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Recreation —Sports 
Public School — 9th Grade 


Order 

Boys 

Activity 

Frequency Older 

Girls 

Activity 

Frequency 

1st 

B aseball 

40 

1st 

Basketball 

38 

2nd 

Basketball 

34 

2nd 

Tennis 

31 

3rd 

Football 

29 

3rd 

Golf 

22 

4-th 

Handball 

9 

4th 

Baseball 

19 

5th 

Hockey 

8 

5th 

Handball 

12 


Range of choice for boys and girls together. 29 of 43 items. 


Private School- 

-9th 

Grade 



Boy9 



Girls 


1st 

Basketball 

18 

1st 

Tennis 

20 

2nd 

Baseball 

13 

2nd 

Basketball 

11 

3id 

Tennis 

9 

3rd 

Baseball 

10 

4th 

Football 

7 

4th 

Bridge 

10 

5th 

Soccer 

5 

5th 

Croquet 

4 


Pingpong 

5 





Track 

5 





Range of choice 

27 of 44 items 




Public School— 

-12th 

Grade 



Boys 



Girls 


1st 

Baseball 

21 

1st 

Tennis 

21 

2nd 

Basketball 

19 

2nd 

Basketball 

16 

3rd 

Football 

15 

3rd 

Bridge 

9 

4th 

Boxing 

7 

4th 

Golf 

8 

5th 

Bridge 

5 

5th 

Baseball 

5 


Handball 

5 


Pingpong 

5 


Range of choice for boys and girls 

together 24 of 43 items 


Private School- 

-12th 

Grade 



Boys 



Girls 


1st 

Tennis 

10 

1st 

Tennis 

12 

2nd 

Basketball 

7 

2nd 

Basketball 

9 

3rd 

Chess 

6 

3rd 

Bridge 

7 

4th 

Handball 

3 

4th 

Soccer 

5 

5th 

Wrestling 

3 

5th 

Baseball 

4 


Range of choice, 22 of 44 items. 


The popularity of baseball and basketball was to have been antics 
pated. Tennis receives higher rank for both boys and girls in the 
private-school groups than in public school. Chess makes the list 
only in the case of twelfth-grade private-school boys. Bridge ap¬ 
pears first in the votes of ninth-giade private-school girls, and ranks 
m the choices of both boys and girls in public school and in girls of 
the private-school group. A striking fact is the greater srmilaiity 
than dissimilarity among the spoits choices of both boys and girls 
at both giade levels. Must the concept of “femininity versus mas¬ 
culinity” disappear? 
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Recreation—Activities 
Public School — 9th Grade 


Boys Girls 

Order Activity Frequency Order Activity Frequency 


1st 

Swimming 

30 

1st 

Swimming 

30 

2nd 

Ice skating 

22 

2nd 

Ice skating 

29 

3rd 

Watching 


3id 

Social dancing 

20 


athletic events 

18 

4th 

Horseback riding 

19 

4th 

Bicycle riding 

15 

5 th 

Attending movies 

14 

5th 

Fishing 

14 





Camping 

14 





Range of choice: 

67 of 

SO items 




Private School — 9th 

Grade 



Boys 



Girls 


1st 

Swimming 

13 

1st 

Social dancing 

21 

2nd 

Reading 

9 

2nd 

Horseback ndmg 

16 

3rd 

Driving an 


3rd 

Swimming 

14 

and 

automobile 

8 

4th 

Attending plnya 

9 

4th 

Horseback: riding 

8 

5th 

Ice skating 

7 

5th 

Ice skating 

7 





Bicycle riding 

7 





Social dancing 

7 





Range of choice. 

54 of 

84 items 






Public School- 

42th 

Grade 



Boys 



Girls 


1U 

Swimming 

20 

1st 

Swimming 

14 

2nd 

Driving an 

13 

2nd 

Ice skating 

13 


automobile 


3rd 

Social dancing 

11 

3rd 

Ice skating 

S 

4th 

Driving an 


4th 

Bicycle riding 

5 


automobile 

8 

5th 

Fishing 

5 

5th 

Horseback riding 

7 


Camping 

5 





Reading 

5 





Range of choice, 

61 of 80 items 





Private School — 42th Grade 


Boy a 


1st Driving an 

automobile 8 

2nd Social dancing 7 

3rd Attending plays 6 

4th Reading 5 

5th Having dates 4 

Swimming 4 

Talking to people 4 


Girls 

1st Social dancing 
2nd Driving an 
automobile 

3rd Horseback riding 
4 th Swimming 
5th Attending plays 
Attending movies 


14 

9 

9 

8 

6 

5 


Range of choice* 47 of 84 items, 
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The list of items to be checked contained eveiy impoitant foim 
of activity that could possibly appeal to an adolescent boy 01 girl 
and it is inteiesting to sec the concentration of prefeience for the 
piedominately physical activities and the comparatively infrequent 
choice of sedentary activities or passive amusements. The astonish¬ 
ing thing here is the infrequent mention of "movie” attendance in 
comparison with the vote for swimming, skating, and dancing. The 
total vote for all activities shows a wide range of choice in spite of 
the concentration of votes indicated Theie is somewhat more dif¬ 
ferentiation of the choices of bojrg and guls m this category than in 
the preceding one, Whethei the vote for "leading” by ninth-grade 
private-school boys and that of "social dancing” by ninth-giade pn- 
vate-school girls with no con esponding vote in the public-school 
gioups of tlie same giadc level indicates difference in mental ma- 
tuiity 01 of oppoitunity is difficult to determine Other studies 
have indicated the tendency of bughtei childicn to mention leading 
as a piefened activity cailicr than avciage or dullei children. There 
is also some conoboiating evidence foi the advanced social matui lty 
that the choice of social dancing would indicate. 

PREFERRED ASSOCIATES 
Public School — 9th Guide 



Boys 


Girls 


1st 

Boys your own age 

44 

Gills yom own age 

42 

2nd 

Mother 

30 

Mother 

38 

3id 

Father 

25 

Father 

24 

4th 

Girls your own age 

22 

Boys yont* own age 

18 

5th 

Older boys 

10 

OJdei boys 

14 


Range of choice 

9 of 11 




Private School — 9th 

Grade 



Boys 


Girls 


1st 

Boys your own age 

23 

Girls your own age 

22 

2nd 

Mother 

12 

Older boys 

18 

3rd 

Father 

12 

Father 

10 

4th 

Girls your own age 

9 

Mother 

10 

5th 

Older boys 

8 

Older girls 

9 


Range of choice. 10 

of XU 




Public School — 12ih 

Grade 



Boys 


Girls 


1st 

Boys your own age 

26 

Girls your own age 

23 

2nd 

GirJs your own age 

17 

Mother 

18 

3rd 

Mothci 

15 

Father 

12 

4th 

Father 

15 

Boys your own age 

11 

5th 

Oldei boys 

9 

Older boys 

8 




Older guls 

8 


Range of choice 10 of 11 
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Private School- 

-42th Grade 



Boys 

Girls 


1st 

Boys your own age 11 

Older boys 

16 

2nd 

Girls your own age 4 

Girls your own age 

9 

3rd 

Father 4 

Older girls 

4 

4th 

Motlier 4 

Other adults 

3 

5th 

Younger girls 3 

Boys your own age 



Other adults 3 


Range of choice 9 of 11 

The inci easing tendency of girls toward hctciosexual choices as 
they progiess from ninth to twelfth grade is indicated heic Pn~ 
vate-school girls tend to show this trend earlier than others, 
“Fathei" and “mother” disappeai fioin the list in the choices of the 
twelfth-grade private-school girls Since the number of pupils here 
is small, this fact may be characteristic only of the group reported, 
and may not be typical of a larger number of twclfth-giadc girls 
selected at random. 

School Subjects 
Public School—9th Grade 



Boys 


Girls 


1st 

Civics 

25 

Typewriting 

27 

2nd 

General science 

24 

English 

22 

3rd 

English 

IS 

General science 

20 

4th 

Algebra 

15 

Civics 

19 

5th 

Physical education 

10 

Physical education 

11 


Shop work 

10 




Range of choice * 

34 of 57 items 




Private School — 9th 

Grade 



Boys 


Girls 


1st 

Algebra 

20 

English 

17 

2nd 

General science 

10 

French 

16 

3rd 

Social studies 

8 

Social studies 

10 

4th 

French 

7 

Fine arts 

8 

5 th 

Physical education 

7 

Physical education 

5 




Household arts 

5 


Range of choice; 

26 of 43 items 




Public School — 12th 

Grade 



Boys 


Girls 


1st 

Algebra 

11 

English 

10 

2nd 

American History 

11 

Typewriting 

10 

3rd 

Biology 

10 

Physical education 

8 

4th 

Physical education 

9 

Biology 

7 

5 th 

English 

8 

Shorthand 

7 


Range of choice 

35 of 57 items, 
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Private School — 12th Grade 



Boys 


Girls 


1st 

English 

7 

English 

12 

2nd 

Algebra 

6 

F rench 

10 

3id 

Biology 

Physics 

4 

Fine artg 

8 

4th 

4 

Algebra 

6 

5th 

Trigonometry 

Range of choice 

4 

25 of 43 items 

Physical education 

5 


Any comparison between the two types of schools at both grade 
levels is difficult to make because of differences in curricula. In 
the private school, typewriting is not offeied and social studies takes 
the place of civics In other lcspects, except foi grade placement 
of subjects the couiscs of study of the two schools are not radically 
diffeient Fine aits, physical education, and geneial science arc of¬ 
fered in both Pupils were asked to check only the subjects they 
had actually taken and the range of possible choice is necessarily 
limited by this factor The child who had never studied algebra 
was not in a position to vote whether he liked it oi not Subject 
requirements diftei somewhat in the two schools Nevertheless, 
theic is sufficient range of choice and overlapping between the two 
schools to admit of comparison in general trends The chief appar¬ 
ent difference between the two types of schools is the preference 
of the ninth- and twelfth-grade public-school girls for commercial 
subjects, in contrast to the more academic choices of private-school 
girls, As will be seen later, these preferences correspond with vo¬ 
cational preferences and higher education choices. 


Choice or School Foliowing High School 
Public School — 9th Grade 



Boys 


Girls 


1st 

State university 

10 

Business school 

11 

2nd 

State engineering 
school 

8 

Normal school 

9 

3rd 

Large men’s college 

6 

No school 

5 

4th 

No school 

6 

Small women’s 
college 

3 

5th 

Business college 
Medical school 

4 

4 

Dramatic school 

3 


Range of choice 


17 of 28 items 
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1st 

2nd 

3rd 

4th 

5th 


Private School - 

Boys 

Large men’s college or 


university 18 

State engineering 

school 7 

Medical school 4 

Small coeducational 
col lege 2 

State agricultural 

school 1 

Large coeducational 
college 1 

Small men’s college 1 


Range of choice. 15 of 26 


-9lh Grade 

Girls 

Large women’s college 


or uiiiveisity 9 

Large coeducational 
college 7 

Small coeducational 
college 6 

Art school 3 


Small women’s college 3 


Public School — 12th Grade 



Boys 


Girts 


1st 

Large men's college 

6 

Laige women’s 




college 

6 

2nd 

Large coeducational 


No school 

5 


college 

& 

Teachers college 

3 

3rd 

Normal school 

3 

Business college 

3 

4th 

State university 

3 

Music school 

3 

5th 

Small men’s college 

3 

Law school 

3 


Range of choice 21 of 28 items 




Private School — 12th Grade 



Boys 

Large men’s college 


Girls 


1st 


Small women’s 



or university 

Small men’s college 

10 

college 

7 

2nd 

2 

Large coeducational 





college 

4 

3rd 

State university 

1 

Large women’s college 





or university 

3 

4th 

Small coeducational 


Normal school 

2 


college 

1 



5th 

Music school 

1 

State university 

1 


Dramatic school 

1 

Small coeducational 





college 

1 




Music school 

1 




Finishing school 

1 




Dramatic school 

1 




No school 

1 


Range of choices, 

9 of 26 items 




*lhe results indicate that the public-school girls of both grade 
levels tend more strongly than private-school girls to prefer comma- 
cial and professional training rather than academic college woilc 
following high school. This fact is in harmony with school-subject 
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preferences summarized above. “No school” following high school 
is the choice of 16 public-school pupils and of 1 pnvate-school pupil, 
considering both grade levels together In othei respects the two 
types of schools show similar choices. 

Types of Reading Preferred 

In the questionnaire, the pupils were asked to list several books 
they had read during the past year or two They were then asked 
to check in a list of 30 types of reading material the kind they pre¬ 
ferred. Because of its length the list of books read cannot be included 
heie, but a summaiy will be given of the types of reading material 
prefcried. 



Public School — 9th Guide 



Boys 


Girls 


1st 

Mystery stones 

25 

Mystery stones 

31 

2nd 

Adventure stories 

18 

Novels and love 





stoiies 

24 

3rd 

Short stories 

14 

Short stones 

15 

4th 

Science 

6 

Adventure stories 

10 

Sth 

Travels 

4 

Directions for making 


Novels and love 


things 

5 


stories 

4 




Encylopedias 

4 




Range of choice 

20 of 30 items 




Private School — 9th 

Grade 



Boys 


Girls 


1st 

Mystery stories 

9 

Novels and love 





stoiies 

15 

2nd 

Adventure stones 

8 

Mystery stones 

10 

3rd 

Science 

4 

Historical novels 

8 

4th 

Historical novels 

3 

Adventure stories 

5 

Sth 

Biography 

3 

Shoit stones 

5 


Range of choice 

15 of 22 items 




Public School — 12th 

Grade 



Boys 


Girls 


1st 

Mystery stories 

18 

Mystery stones 

15 

2nd 

Adventure stones 

13 

Short stories 

6 

3rd 

Novels and love 


Novels and love 



stories 

6 

stones 

6 

4th 

Short stories 

6 

Plays 

6 

Sth 

Historical novels 

5 

Adventure 9torics 

4 




Philosophy 

4 




Biography 

4 


Range of choice. 

18 of 30 items 
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Private School- 

-12th Grade 



Boys 


Girls 


1st 

Mystery stones 

3 

Novels and love 





stones 

12 

2nd 

Short stories 

3 

Biogi aphy 

5 

3rd 

Philosophy 

2 

Plays 

4 

4th 

Poetry 

2 

Historical novels 

3 

5th 

Novels and Jove 


Advcntuie stories 

2 


stones 

1 

Travel stories 

2 


Folk tales and 





legends 

1 




Science 

1 




Humor 

1 




Range of choice. 15 of 22 items 


The popularity of advcntuie and mystery stories with both boys 
and gills at both grade levels and m both types of schools is at once 
apparent Novels and love stones receive a. higher lating from girls 
than from boys in both schools and at both grade levels. 


Magazine Preferences 


Public School — 9lh Grade 



Boys 


Gnls 


1st 

Popular Science 

22 

Ladies Home Jo tint at 12 

2nd 

Hoy's Life 

18 

Literary Digest 

11 

lid 

American Boy 

U 

Good housekeeping 

& 

4th 

Populai Mechanics 

18 

Motion Pi elute 





Classics 

8 

Sth 

Detective Stones 

10 

College Humor 

7 


Litenuy Digest 

10 

Cosmopolitan 

7 


Range of choice 61 of 126 items 




Pnvatc School — 9th 

Gtade 



Boys 


Girls 


1st 

Am a lean Boy 

10 

New Yorker 

17 

2nd 

Populai Science 

9 

Satui day Evening 





Post 

9 

31 d 

Boy 1 j Life 

7 

Judge 

6 

4th 

National Geogi aphic 


Life 

6 


Magazine 

5 



5lh 

Populai Mechanics 

5 

College Humor 

3 


Saturday Evening 


Cosmopolitan 

3 


Post 

5 

Good Housekeeping 

3 




Harper*s Bazaar 

3 




Vanity Fair 

3 


Range of choice. 51 of 123 items 
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1st 

2nd 

3rd 

4th 

5th 


Public School—12th Grade 


Boys 

Literary Digest 15 

Co II i ci’s 9 

Boy’s Life 7 

College Humor 7 

American Boy 6 

Popular Mechanics & 


Gills 

Literary Digest 
American Girl 
Collier’s 
Cosmopolitan 
Good Housekeeping 


11 

7 

6 

5 

5 


Range of choice. 52 of 123 items, 


Private School — 12th Grade 


Boys 

1st Judge + 

2nd New Yorkci 4 

3rd Saturday Evening 

Post 4 

4th Life 3 

5th Antci tcan Mercury 2 

Collnr’s 2 

Popular Science 2 

Sen brier’s 2 

Time 2 

Science News Letter 2 

Hat pa’s 2 


Guls 

New Yorker 12 

Satin day Evening 
Post 7 

Life 6 

Literal y Digest 5 

Theatre Magazine 4 


Range of choice 39 of 123 items 


Pnvate-school boys of both giade levels show more scnous read' 
mg tastes in their magazine pi efei cnees than either pnvate-school 
gills or public-school boys and girls, Ninth-giade pnvate-school gnls 
show somewhat more sophistication in their choices than pnvatc- 
school boys oi public-school boys and gnls Cheap and sensational 
publications aie mentioned more fiequcntly by both boys and gills 
in public-school mnth-giade than the corresponding gtade in private 
school, A summaiy of all choices shows that the Lite/ary Digest is 
the most widely read, Poputai Science is second, The American Boyj 
thud, and the New Yother, fouith in popuiantv In evaluating 
choices and in making compaiisons the question of the availability of 
reading matter arises The school and public libiaiies available to 
pupils of both groups are comparable, but the Sims Scoic Card data 
for pnvate-school pupils indicates the larger quantity and supcnor 
quality of leading matter in then homes as compared to that of 
public-school pupils 
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Vocational Preferences 


Public School — 9th Guide 
Boys Girls 


1st 

Aviator 

12 

Stenographer and 




typist 

2nd 

Baseball player 

12 

Nurse 

3rd 

Chemist 

S 

Puvatc secietary 

4th 

Civil engineer 

8 

School teacher 

5 th 

Forest ranger 

6 

Bookkeeper 


Lawyer or judge 

6 

Dancer 


Range of choice* 

79 of 130 items 



Private School — 9lh 

Grade 


Boys 


Gills 

1st 

Lawyer or judge 

10 

Actress 

2nd 

Business executive 

6 

Costume designer 

3rd 

Doctor 

5 

Dancer 

4th 

Mechanical engineer 5 

Interior decorator 

5 th 

Scientific research 


Novelist 


worker 

5 



Range of choice 

61 of 136 items 



Public School — 12th 

Grade 


Boys 


Girh 

1st 

Baseball player 

6 

Stenographer or 




typist 

2nd 

Aviator 

5 

School teacher 

3 rd 

Lawyer or judge 

5 

Nurse 

4th 

Journalist 

4 

Private secretary 

5th 

School teacher 

4 

Athletic duector 


Forest ranger 

4 



Range of choice: 

67 of 130 items 



Private School — 12lh Grade 


Boys 


Girls 

1st 

Banker 

3 

Actress 

2nd 

Actor 

2 

Social worker 

3rd 

Chemist 

2 

Musician 

4th 

College professor 

2 

Artist 

5th 

Lawyer 

2 

Homemaker 


Novelist 

2 



Playwright 

2 



Psychologist 

2 



Range of choice 32 of 126 items 


16 

13 

12 

10 

6 

6 


7 

6 

6 

6 

5 


It 

8 

8 

R 

5 


5 

5 

4 

3 

3 


Private-school boys of both grade levels show gieatci prcfctcnce 
for the highly trained professions than do public-school boys. Com¬ 
mercial preferences again lead in the public-school girls’ gioups 
Artistic preferences are more apparent in the choices of private-school 
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girls of both grade levels A wide range of choice was expressed 
by all pupils in both types of schools There is a high degree of 
consistency between the vocational piefciences of public-school pupils 
and their reading, school subjects, and highei education prefeiences 
Consistency is less appaient in the same categories for pnvate-school 
pupils. 

Comparison of Results for Groups of More and Less 
Intelligent Pupils 

Although there is consideiable overlapping in the mental ability 
represented in the public- and pnvate-school gioups, the senes of 
mental alertness tests given to all pupils indicated the general men- 
tal supeuorjty of the private-school gioup In order to make a more 
specific comparison of the choices of biightei and duller pupils, two 
groups of pupils wcie selected from the entire range of data Group 
I consisted of pupils who were between 15 and 16 yeais of age and 
who had the 20 highest total scores on the mental aleitness tests 
Group II consisted of the 20 lowest scores on the mental alert¬ 
ness tests who at the same time were between 15 and 16 years of 
age, Pupils were selected without lefercnce to whether they came 
from the private- or public-school situation, but after the matenal 
was collected it was found that none of the duller groups were in 
the pnvate-school list and none of the brighter were among the pub¬ 
lic-school pupils In oidei to have a sufficient number of cases of 
brighter pupils to match with the less capable pupils, a few who met 
the criteria were selected from elevcnth-giade pnvate-school data 
A larger number of cases Would have insuied gieatei reliability in 
any differences found between the two gioups, but an increase in 
the number of cases would have meant considerable decrease in the 
difference in mental ability of the two groups. By choosing the 
extremes of the distribution of similar age range there is practical 
certainty that there is a leal difference in the mental ability of the 
two gioups Since equal petcentages of girls and boys are found 
in the two groups the results will be summarized without reference 
to sex diffeiences There weie 7 girls and 13 boys in each group. 
The median total weighted score of the blight gtoup was 113 and 
of the dull group, 39. Reference to the test data given earlier for 
all groups will indicate the relation of these scores to the total range 
of scores and to the probable error which is expressed approximately 
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in terms of "Q ” The summary of questionnaire choices foi the 20 
pupils of both groups in all categones, using fiist choices only, is as 
follows. 


Games 


Group I 


Gioup II 


Tennis 

S 

Baseball 

10 

Baseball 

3 

Basketball 

7 

Basketball 

3 

Ilockey- 

2 

Pmgpong 

2 

Billiards 

i 

Chess 

1 



Track 

1 



Backgammon 

1 



Waterpolo 

1 



Soccer 

1 



Golf 

1 



Hockey 

1 




Group I shows a wider range of choice than Gioup II and the 
choices of gicatest frequency are not in the same order as those of 
Group II 


Other Recreations 


Group 1 

Traveling 4 

Swimming 3 

Doing science cxpeiiments 2 

Having dates 2 

Reading 1 

Hiking 1 

Attending plays 1 

Skiing 1 

Woiking around machinery 1 

Boating i 

Horseback riding 1 

Going to parlies 1 

Camping 1 


Group II 

Swimming 3 

Ice skating 3 

Going to church or Sunday 

School 2 

Fishing 2 

Folk dancing 1 

Social dancing 1 

Watching athletic events 1 

Iloiseback riding 1 

Traveling 1 

Attending movies 1 

Gymnasium apparatus woik 1 

Drawing or painting 1 

Racing 1 

Playing ladio or Victrola 1 


Considerable range of choice is noticeable in both gioups and there 
is not much overlapping in activity preferences 


Choice of Associates 


Group I 

Person of the same age or sex: 10 

Girls preferring oldei boys 4 

Boys preferring older boys 4 

Girls preferring younger boys 1 

Mother \ 


Group II 

Person of same nge oi sex 14 

Mother 4 

Girls preferring older boys 1 

No response 1 
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Choice of School Subjects 


Group I 


Group II 


Science 

6 

Typing or commercial 

4 

English 

5 

Civics 

4 

Mathematics 

3 

English 

3 

History 

3 

Science 

3 

F rench 

2 

Fine arts 

3 

Diamatics 

1 

Shop 

1 



History 

I 



Household aits 

1 

School Preference 

atter High School 


Group I 


Group II 


Large men’s college 

6 

Music or art school 

4 

Small coeducational college 

4 

Business college 

3 

Large women’s college 

3 

State university 

3 

Large coeducational college 

01 

No vote 

3 

university 

2 

Trade school 

2 

Small women’s college 

2 

Laige men’s college 

1 

State engineering school 

2 

Junior college 

1 

State university 

2 

Tcacheis college 

1 

Choice not yet made 

1 

Not going 

1 

(Two pupils voted for twe 

i each) 

Slate agncultuial school 

1 


Vocation 

Preflrrfo 


Group I 


Group II 


Scientific research worker 

3 

Accountant 

2 

Engintei 

3 

Stenographer 

2 

Author 

3 

Caitoorust 

2 

No vote 

2 

Dancer 

1 

Banker 

2 

Costume designer 

1 

Lawyer or judge 

1 

Journalist 

1 

Social worker 

1 

Novelist 

1 

Aichitcct 

1 

Bankei 

1 

Egyptologist 

1 

Uahei 

1 

Etomologist 

1 

Reporter 

1 

College professor 

1 

Business executive 

1 

Actor 

i 

Dinftsman 

I 



Exploier 

1 



Football coach 

1 



Nui se 

1 



Baseball player 

1 

Kind or Reading Preferred 


Gioup I 


Group tl 


Novels and love stones 

8 

Mystery stones 

6 

Mystery stones 

2 

Adventuic stones 

5 

Short stones 

2 

Novels and love stones 

2 

No choice 

2 

Classics 

2 

History 

i 

Philosophy 

1 

Histoncal novels 

1 

Directions for making things 

1 

Nature and animals 

1 



Folk tales and legends 

1 



J3 logi a phy 

l 



Science 

1 
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Group l 

New Yotkcr 
Notional Geographic 
Saturday Evening Post 
Readets* Digest 
Asm 

Liteuii y Digest 

Golden Book 

Sport Story Magazine 

T heal re Guild Magazine 

HarpcPs Bazaar 

Popular Science 

Life 

American 


Magazines Preferred 

Group II 

4 /Jriiei lean Boy 
3 Tine Stones 

2 Cosmopolitan 

2 Detective Stones 

1 No vale 

1 Popular Science 

1 College Humor 

1 Field and Si ream 

1 Open Road 

1 American Girl 

1 Saturday Evening Post 

1 
1 


5 

3 

2 

2 

2 

1 

1 

1 

1 

1 

1 


A check of the books listed as read dining the past yem or two 
indicates a linger amount of required school reading listed by the 
duller group and a larger amount of adult novel reading on the 
part of the brighter group. There was some overlapping on both 
groups. There was more mention of the same books by the dullei 
group than by the brighter group, The brighter group showed a 
wider range in reading taste 

In the foregoing summaries of preferences there is some over- 
lapping in each category of choice but also considerable difference. 
Some of this difference appears to be in harmony with 1 the differences 
in mental ability the two groups show On the other hand, some 
of the difference may be due to the chance factor in the small num- 
ber of cases Some of the difference found is not necessauly lelated 
to mental matui ity, though unquestionably to that factor the largest 
share of the difference must be attributed, Whether these differ¬ 
ences are native or are the product of opportunity and environmental 
factors cannot be determined from these data, In the mam the 
results for the two selected groups are similar to results for the largei 
public- and private-school groups whose choices were first summar¬ 
ized, 


Summary and Conclusion 

1. By means of a questionnaire and a series of experimental men¬ 
tal alertness tests data were obtained from pupils ot ninth- and 
twelfth-grade levels in both a private-school and a public-school sys¬ 
tem, Responses were recorded for several types of activity and in¬ 
terest preferences, sports, recreational activities, school-subject pref- 
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eiences, reading and magazine preferences, choice of associates, higher 
education and vocational p ref eiences. Public-school pupils of both 
grade levels, were, on the average, several months oldei than private- 
school pupils. Experimental test results indicated the supenority 
of the private-school group ovei the public-school group in mental 
maturity The ninth-grade private-school group exceeded the median 
scoie of the twelfth-giade public-school group by a small amount. 

2. The chief differences in questionnaire responses between pub¬ 
lic- and private-school gioups weie in the school-subject, vocational 
choice, and reading preference categories In all categories there 
was considerable overlapping in the choices of pupils of the two types 
of schools The private-school ninth-grade gills showed the highest 
degree of consistency in all categories They levealcd in their choices 
moic maturity and sophistication than the public-school guls of the 
same giade level Whether the differences found aie to he attributed 
to native ability m to opportunity 01 to both factors in definite pro- 
poitions cannot be determined from the results. The results found 
may be considered reliable enough to give suggestions to educatois 
who aic planning academic cuincuLi or impioving recicational facili¬ 
ties for adolescent pupils The problem of developing interests in 
pupils of adolescent age is dependent upon factois of initial interest 
and preference, and to the whole problem of mental maturity and 
enviionmental conditions 

3. Two groups of pupils chosen so as to be comparable rn age 
but at the extremes of the total distribution in mental maturity show 
some overlapping in preferences, but characteristic differences as well. 
These difteienccs may be attributed in pait to mental matuntv fac¬ 
tors, but may also be due m pait to chance selection and to environ¬ 
mental circumstances 

4. The present study indicates the need foi the investigation of 
some of the factors on a more elaborate scale and the need of fur¬ 
ther research in the use of the questionnaire as a reseaich instiument. 
Suggested topics of investigation aic, fluctuations in interests over 
periods of time of vaiying length, seasonal variations in sports, influ¬ 
ence of the length of the questionnane on pupil lesponses, the rela¬ 
tionship between questionnaire choices and actual behavior, sex diffei¬ 
ences of pupils in coeducational institutions as compared with pupils 
in separate institutions, the relation of personality factois to ques¬ 
tionnaire responses, the relationship between leading interests and 
ability levels, responses of childien of similai backgtounds but of 
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different ability, college and vocational choices and subsequent selec- 
tion. 
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LES INTfiRfiTS ET LES LIABILETES DES ADOLESCENTS 
(Resume) 

On a obtenu dcs renseignementg a regard des mt6iets et des activity 
des eifcyes dc Page adolescent dans des "high schools 11 au moyen d'un question¬ 
naire rempli par les eleves assistant k deux types d’Gcole—-une “high school” 
publique, dans Pun cas, et une 6cole pnv£e progressive dans I 1 >1 litre Dans 
le dernier cas les Slaves ont 6t6 de families d J un 6tat social et 6cfonomique 
meilleur que le moyen On a determine la capacitd mentale et le rendcmcnt 
see la ire de tousles Sieves au moyen de tests objectifs Leg icsultnts ont 
indiquS la sup^nontfe dea groupes de ecotes privies sur tous les tests On 
a demands aux Slaves de donner des renseignements d Pcgard dc leui 
inUrSt pour )eux physiques et les autres types d’activitds, terns com- 
pagnons pr^f^res, les matures scolaires, leurs preferences scolnircs api£a 
avoir assist^ b la "high school,” leurs lectuies preferees, et leurs preferences 
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piofessionnelles Les r^snltats montrent que dans le cas deg preferences 
pour les jeux physiques ll existe comparativement pen de ence dans 

lea chou des garqons et des filles Centre les autres activit^a cellcs qui 
sont prmcipnlement d’un caracfccre physique sont prcferecs aux recreations 
sedentaires ou passives Lea Aleves des foolcs pnvcea preferent la lecture 
plus que les Slaves des 6coles publiques* Les differences des mature 
scolaireg prefereeg refletent les differences des cours d’dtudes des deux typea 
d’ecole Les eUves dc l’Seole publique montrent moms de preference pour 
les matures stnetement scolanes que les el£ves de l’faole pnvfo, On peut 
attnbuer les differences tiouvees aux factcurs de maturitd mentale, de 
conditions de milieu, et circonstanccs fortunes 

Hildreth 


DIE INTERESSEN UND FAIIIGKEITEN JUGENDLICHER 
(Referat) 

Es wurden Datcn geaammelt in Bezug auf die Interessen und Tatig- 
keiten jugendlichei Schulei aus holieren Schulen durch Verwendung eines 
Fragenbogens der yon Schulern aus hoheren Schulen von zwei Sorten— 
einei offentlichen hoheren Schule und emer “avaiicierten’' [progressive] 
Privatschulc—beantwortet wurde Die Schuler der letzteren stammten aua 
Ilcimerjj deicn sozialcr und ekonomischer Stand besser war, als der durch- 
schmttljchc Die geistige Leistungsfahigkeit und die Schulleistung aller 
Schuler wurden an objekUvcn Tests lestgestellt Die Befunde wieaen auf 
die Oberlcgenheit der Pnvatschulgruppen in alien Teats hin, Von alien 
Schulern wurde Bescheid erhalten uber ihre Interessen in Bezug auf Spoit 
und ander Formcn dei Tdtigkcit, und ubei bevorzugte Schulgefahrten, 
Studicn, weitcre Fortbildung, Lekture, und Bcrut Die Befunde erwicsen, 
dass in Bezug auf Sportbevorzugungcn relativ wemge Unterschiede 
zwischen Knaben und Madchen bestehen. Unter anderen Tatigkeiten aind 
diejenige, die vorwiegend korperlichci Art sind } behebter, al9 se9shnfte oder 
passive Umerhaltnngsweiscn Die Piivntschuler erweisen erne staikcre 
Neigung zur Lekture, nJs die Schuler offentlicher Schulen Die Unterschiede 
in Bezug auf die bevorzugten Studien gehen nut Unteischieden zwischen 
den Kurnkulen der beiden Schularten einher Die Schuler der offentlichen 
Schute zeigen wemgei Vorliebe fur die streng akademischen Schulstudien 
als die Privatschuler Die civviesenen Unterschiede sind viclleicht auf die 
Einwirkungcn der geistigen Rcife, der Umgcbung, und zufalhger Umstande 
zurucfczufuhren 


Hildreth 



MODERN TRENDS IN THE PSYCHOLOGY OF MAL¬ 
ADJUSTED SCHOOL CHILDREN* 

From Nivt York Ctlf 


Marion Jenkins 


The rapid progress in recent years as legards our understanding 
of the maladjusted child has been coordinate with and, u\ part, 
dependent upon, rapid advances in the general field of child be¬ 
havior. These advances have been characterized not only by large 
accretions to our stock of fact and generalization, but also by a record 
of achievement m devising methods for the study of child behavior 
and for the diagnostic-therapeutic approach to the problems of mal¬ 
adjustment. Hence, a knowledge of not only the results of lesearch, 
but also of the methodological and diagnostic approaches, is necessary 
for a grasp of the modern trend in psychology of behavioral mal¬ 
adjustments. Consequently, in the present paper an attempt is made to 
analyze the present status and trend of the psychology of pioblem 
behavior from three points of view. (1) methods of acquiring data, 
(2) the causal and genetic factors involved in child maladjustments, 
and (3) the diagnosis and treatment of behavioral disoiders 

1> Methods tor Investigating Maladjusted Behavior 

The methods for attacking the problems of child maladjustment 
are, in large part, the methods of studying child behavioi in general, 
a fact which is due, in part, to the circumstance that general methods 
of investigating child behavior can be applied directly to the problems 
of maladjustment, and, in part, to the importance of child psychology 
for a thorough understanding of problem behavior. At the present 
time, the investigation of child behavior is characterized not only 
by a gradual increase in the use of experimental situations, but also 
by a very rapid development of special non-expcrimental methods 
and techniques for recording data that are both comparable and re¬ 
liable. 

The subject-matter of psychology, unlike that of the physical 
sciences, is such that it is very difficult or impossible to be aware of 

* Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, September l, 1932 
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all the factois which are essential for the behavioial adustmcnts of an 
organism. Failure to give sufficient attention to this fact has re¬ 
sulted in a large body of fruitless investigations in the field of child 
behavior, a fact which at present is stimulating an increased emphasis 
upon the use of methods for neutralizing the influence of uncontrolled 
and unknown factors. These general scientific methods aic applica¬ 
ble to both the non-experimental and experimental approaches to the 
study of child behavior. The most important of these is the method 
of equivalent groups which involves the equating of two or moic 
groups either by chance (random sampling) or by equating for vari¬ 
ous factors, such as intelligence, age, sex, etc Examples of equiva¬ 
lent-group piocedures are those involving the use of a control group 
and the so-called cross-sectional methods of determining nouns of 
child development The latter method consists of a study of deficient 
gioups of subjects at varying age levels instead of the observation 
of the same group at different stages of development. Secondly, 
there is the method of rotation , whereby data recorded from a single 
group are made more reliable by rotating out the effects of certain 
factors, as, foi example, piactice and fatigue. 

The following synopsis includes the methods (except the gcneial 
ones just mentioned) that are in general use at the piesent time for 
the investigation of the behavioral adjustments of children It will 
be noted that some of the methods classed as non-cxperimental are 
sometimes refeired to by cettain writers as experimental, because of 
the use of controlled observation. The writer believes, however, that 
it is more satisfactory and less confusing to reserve the term experi¬ 
mental foi those methods which not only may involve “conti ol of 
the observer” but also control of the stimulus situation 

I Non-experimental methods, Well exemplified by the natural-history 
approach to child problems Do not involve control of the situation 
surrounding the subject, but may involve various types of controlled 
observation 

A Historical procedures 
1 The interview 

n Crude interview 

h Psychoanalytic interview. Attempts to elicit a retrospective 
account regarding experiences of childhood 
c. Systematic interview These may be either (1) itemized, as, 
for example, the "annlytic interview” of Tjaden (55), or 
(2) fixed question interviews in which the questions of the 
interviewer are either spoken or presented in written form 
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2 Biographical May consist either of comparisons of published 
biographies and letters, or systematic biographical sketches of 
behavior, such as Preyer’s record of the first three years of the 
life of his son 

(t Adult reminiscences regarding childhood experiences, as, for 
instance, Hall's monograph regarding eaily memories 
Autobiographical essay 

1) General Well exemplified by the procedure of Selling 
(47), who asks the incoming clinic child to write a story 
of his hfe, making drawings when necessary 

2) Specific. Limited to some phase of the child’s experi¬ 
ence, a procedure which wag utilized by Levy and Mun- 
roe in their investigation of the day-dreams of Chicago 
school children, 

4, Questionnaire, when used to obtain descriptions of the past be- 
behavior of children 

d Personal Deals with the past history of the peison answer¬ 
ing 

b Third party Example parental questionnaire regarding the 
parents' children, 

5 Case history. A derived procedure involving the use of inter¬ 
views, questionnaires, etc, and therefore merely an intensive 
study of an individual, especially adapted to the needs of clinics. 
Consists of data gathered through chnicnl interviews with the 
patient and contacts of social workers, teachers, etc, with the 
patient’s parents, friends, etc Should be distinguished from the 
case study, which not only involves historical material, but also 
includes other pertinent data, such as those derived by means of 
psychometric techniques 

E Observational procedures Differ from the historical in that the 
results, instead of being drawn from historical records, nre based 
upon contemporaneous behavior records. 

1. The interview Crude and systematic 

2 The diary, A daily record of child behavior. May be either 
casual or continuous 

a. Persona] A diary recorded by children. Rare. 
b Investigator and third-party diaries 

1) Crude 

2) Itemized 

3, The observation chamber used by Gesell (14) and otheis, A 
child or group of children is placed in a room-1 ike chamber and 
observed through a one-way vision screen Eliminates the vari¬ 
able influence of the presence of the observer 
4 The questionnaire 
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5 Rating scales 

a Ranking (order of merit), 

h Categorized (1) Point or numerical, (2) graphic, (3) an¬ 
tithetic alternative, sometimes in yea-or-no form as in the 
case of the Woodworth-Mathews psychoneurotic inventory. 
c. Situational or concrete The individual is rated on what he 
would do in a given concrete situation 
Example the Allport A-S test 

6 Systematic or controlled observation. According to this proce¬ 
dure, the observer attempts to secure moic accurate data by 
recording according to a predetermined plan. According to D 
S Thomas (53), the central methodological problem here is 
"control of the obseiver ” Should be distinguished from ex¬ 
perimental methods which not only include control of the ob¬ 
server, but also contiol of the stimulus situation 

a Individual response techniques, as, fai instance, the pro¬ 
cedure of Loomis (53) for recording the physical contacts 
of nursery-school children 
b, Social situation techniques (situational analysis) 

Example the record of laughter situations by Gregg, Miller, 
and Linton (53). 

e Sampling techniques Example. Olson’s (3&) method of re¬ 
cording nervous activities 

d Simultaneous observation Utilized by Gesell for determin¬ 
ing differences between behavior levels For instance two 
children of different ages are observed at the sline time 
to note differehces in behavior 

7 Simple measurements Well exemplified by the anthropometric 
measurements of physical tinits, 

S, Comparison of the results of therapeutic treatment 

9 Community surveys Example Shaw’s (49) study of delinquent 
areas in Chicago 

II Experimental methods Involve not only a modicum of control over 
the observer, but also control of the stimulus situation 
A Methods for testing receptor capacities 

1 Indirect techniques Useful for very young children 
a Conditioned response 

b Sorting techniques, such as those used by Baldwin in the 
investigation of color discrimination in the case of nursery 
children 

2 Direct techniques Similai to those commonly used in the case 
of adults To be used on childten who make an intelligent use 
of language nnd who will follow directions 
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B, Methods for testing reactive capacities 

1» Psychometric techniques Standardised for procedure and re¬ 
sults, Useful for grading behavior and for determining indi¬ 
vidual differences 
a, Tests of intellectual traits 

1) General ability 

2) Special aptitudes 

b< Achievement tests. Educational, diagnostic, prognostic, etc 
c Tests of non-intellectual tiaits Include measures of emo¬ 
tional instability, personality, character traits, suggestibility, 
motivation, etc 

2, Measures of modifiability, motivation, etc For very young 
children, such methods as the conditioned reaction and card 
sorting are the most satisfactory, For older children, the pro¬ 
cedures are similar to those for adults 

The limits of this paper preclude an extensive discussion of recent 
advances in methodological procedure, but it will be of interest to 
indicate briefly not only the tiend of modern methodological develop¬ 
ments but also the nature of the attempts to produce valid and reli¬ 
able behavior records. In the first place, there has been a revival 
of interest in investigations involving non-experimental methods, a 
reaction which is due in part to a growing conviction that some ex¬ 
tremely important phases of behavior are difficult, if not impossible, 
to study by means of experimental procedures The strength and the 
popularity of the experimental appioach have motivated the present 
generation of child psychologists to determine the reliability and 
validity of behavior data secured in connection with the natural- 
history approach, 

As a result of this critical attitude, many of the ciudc proccduies 
of the past, such as the unsystematic interview, the biography, the 
abstract questionnaire, etc,, claim very little attention except in so 
far as they suggest problems which may be attacked by more sys¬ 
tematic methods. It is probably because of this critical attitude, in 
part, that the large Litcratuie with reference to psychoanalysis is 
generally considered as being significant only to the extent that it 
offers a mine of hypothcsis-foimmg materials. Thus, Anna Fieud 
(12) offers the variable procedure of establishing rapport as a pait 
of the psychoanalytic method of examining children. The establish¬ 
ment of rapport has long been known in psychological cnclcs pri¬ 
marily as an art of the professional psychometrist, and, since it must 
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be varied to suit the needs of the individual in the given situation, 
there is little warrant for calling such a variable procedure a scientific 
method 

The modern attempt to secure comparable data by recording in 
accordance with a predetermined plan is no guarantee of obtaining 
valid and reliable records of behavior. The most careful investi¬ 
gators in the field of child behavior are now examining their pioposed 
methods by means of sampling and statistical analysis. In the first 
place, the use of statistical analysis enables one to make use of 
methods of recording data which will give consistent and comparable 
results in the hands of different observers and in the case of repeated 
observations by the same observer. Secondly, it has led to a great 
saving of time as a result of special sampling techniques, such as that 
proposed by Olson (38) and discussed at length by Goodenough 
(16) 

H Types, Causes, and Genesis of Maladjustments 

Maladjustment and Hciedity . Sustained interest in problem be¬ 
havior was first diiectcd to those outstanding cases of social malad¬ 
justment comprising offenses punishable by law The legal classi¬ 
fication of certain individuals as criminals led seveial criminologists 
to the belief that criminality is deteimined by an heieditary back¬ 
ground. The famous criminologist, Lombroso, as the result of exten¬ 
sive anthropometric measurements, formulated the theory of ciiminal 
types. According to this view, the diagnosis of criminality can be 
made on the basis of physical stigmata The theory of criminal 
types continued to be a subject of heated controversy until the 
publication of Gonng’s (18) investigation of convicts in English 
prisons Through the use of refined statistical methods and a control 
group of 1000 university students, he was able to show that there 
were no significant physical differences between the academic group 
and the English convict 

Although the work of Goring indicates that there is no marked 
hereditary basis for criminality regarding physical tiaits, neveithe- 
less this important study does not settle the question as to whether 
certain individuals are born cnmmals Futile attempts to reform 
ciiminals fostered the view that criminality may be due to moral 
imbecility The fullest expiession of this theory is that of Trcdgold 
(56) who argues at length that individuals of noimal or superior 
intelligence may exhibit a lack of capacity foi moral discrimination. 
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Although popular foi a time, this theory has not been veufied by 
clinical and psychometric evidence. The intensive investigation of 
delinquency on the part of Healy (20) failed to furnish any clear-cut 
instances of moral imbecility Moreover, attempts to use the ethical 
discrimination test of Kohs and others for diagnostic pin poses have 
not only yielded negative results but also indicate that ability to make 
ethical judgments is closely related to intelligence 

The close relationship between moial judgment and intelligence 
would seem to indicate that the latter might be the more important 
factor in criminal behavior. Gonng, without using test methods, 
suggested that criminality was not due to “inherent wickedness, but 
natural stupidity,” Soon after the publication of the famous work 
of Trcdgold, Goddard and Terman (52), making use of revisions 
of the Binet test for intelligence, found that not only were delinquents 
below average in intelligence but also that a large percentage of these 
criminal groups were feebleminded. These findings led ciiminologists, 
lawyers, judges, and social workeis. to place undue emphasis upon 
mental deficiency as a factor in delinquency Critics soon pointed 
out that, granting the mental deficiency of delinquents, this in itself 
is not a certain argument for a causal relationship between mental 
defectiveness and criminality since the more intelligent individual 
would be more likely to escape apprehension and conviction. As the 
result of the recent and more careful measurements of the intelligence 
of juvenile and adult offenders, the theory that feeblemindedness is 
the most important causal factor in delinquency has lost ground, 
Pintner (40), in a series of summaiy tables of the work performed 
since 1911, showed that for the first seven years (1911-1917) the 
median percentage of delinquents as feebleminded is 45, whereas for 
the next twelve years the median percentage is only 21 This long- 
drawn-out controveisy could have been settled long ago if some of 
these enthusiasts had taken the trouble to compare their results with 
those from a non-delinquent control group. Appaiently the early 
American levisions of the Binet scale were inadequately standaidized 
for the higher age levels, For instance, when the Stanford Revision 
was given to an unselected army group, the average mental age was 
approximately 13> a fact which indicated that early investigators 
were setting too high a standard for then delinquent groups Recent 
group tests with the Army Alpha have shown again that the differ¬ 
ences, if any, between delinquents and non-delinquents are i datively 
small, Burt (5), the only investigator who made use of a large 
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control group of non-delinquent children, found that among delin¬ 
quents 7 6% were feebleminded, whereas among non-delinquents 
1,2% were feebleminded These results indicate that feebleminded¬ 
ness may be an important factor, but that it is not the only and 
probably not the major cause of delinquency. 

Intelligence level is less a factor in producing crime than a deter¬ 
minant of the type of crime that will be committed. Other things 
being equal, the lower the intelligence, the sillier the crime As 
Burt says, “to be successful, even in wrongdoing, needs a certain 
minimum of sense ” 

The hereditarian point of view is also adopted by those writers 
who axgue that psychopathic constitutions (39) and mnate emotional 
instability (5) are the primary causal factois in delinquency. Healy 
and Bionnei (21), as well as Buit, have found a relatively small 
proportion of delinquent psychopaths On the other hand, both 
Burt (5) and Slawson (51) have found a fairly high lelationship 
between emotional instability and delinquency. The work of Slaw¬ 
son and others, howevei, indicates that the genesis of such traits as 
emotional instability may be determined in large part by early 
environmental factors As a matter of fact, the bulk of the evidence 
at the present time indicates that problem behavioi evolves as a 
natural piocess through the interaction of the oigamsm and its envir¬ 
onment. Experiments on babies have shown that extensive emo¬ 
tional conditioning occurs veiy early in life, and other studies of 
both preschool and school children indicate that social maladjust¬ 
ments are learned. Such facts as these have led inevitably to the 
conclusion that the understanding and the solution of behavior piob- 
lems must be based upon a thorough examination of eaily child 
behavior, a fact which points to the diagnostic and therapeutic sig¬ 
nificance of investigations of preschool behavior. 

Behavioi Tendencies of the Pi eschool Child . The pioneer in¬ 
vestigations of Watson and Rayner (60) concerning the emotional 
reactions of the human infant furnish evidence of extensive emo¬ 
tional conditioning very early in life These early expeuments gave 
psychologists a new insight into the importance of learning in the 
development of problem behavior Many of the problem tendencies 
of school children probably have their loots in the developmental 
stages of the human infant, As a mattei of fact, it is quite possible 
that emotional conditioning may persist even aftei the child has 
forgotten the environmental situation in which the conditioning first 
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occurred The artificial situation set up by the experimentalist for 
the study of preschool children provides a means of achieving a more 
thorough understanding of the problems of the developing child 
The psychoanalysts, in attempting to unearth childhood memories, 
have directed attention to the possible significance of childhood ex¬ 
periences in the behaviotal maladjustments of adolescents and adults. 
The psychoanalysts, in their extensive writings, have suggested many 
problems in the field of motivation but their views are often little 
more than hypotheses rather than conclusions drawn from scientific 
data These hypotheses must be verified by controlled observations 
and experiments before they can be accepted as well-giounded scien¬ 
tific theories. 

The rapid development in recent times of reliable methods for the 
controlled observation of infantile behavior in natural-history situa¬ 
tions furnishes us with a mass of data regarding the development of 
child behavior under natural conditions Since most workers in 
the field of preschool behavior have been interested primarily in the 
genesis of normal behavior and the determination of age norms, we 
possess at present only a limited amount of reliable matciial regard¬ 
ing the natural development of problem tendencies in very young 
children. Nevertheless, several important studies have appeared 
which furnish data having a direct bearing upon infantile maladjust¬ 
ments. Recently, Sewall (48) investigated the infantile jealousies 
of nursery-school and clinic children and noted, among other things, 
that jealousy was little affected by preparation foi the birth of a 
younger child, that it was dependent upon age differences, and that 
it tended to decrease with each increase in the number of the family 
Moreover, jealousies were more pronounced in those families having 
over-solicitous mothers or inconsistent discipline, Notcwoithy was 
the fact that jealousy among children was more pronounced in poorly- 
adjusted families than in well-adjusted ones, a condition which may 
be due to the greater frequency of over-solicitous mothers and in¬ 
consistent discipline in maladjusted families Other investigators 
have corroborated the view that expressions of jealousy in young 
children are nourished by a background of family maladjustment 
The subject of negativism in preschool children has recently been 
studied by several investigators. For instance, Levy and Titlchin 
(28) noted that the optimal age levels for resistant behavioi were 18 
months for females and 30 months in the case of males, while Rey¬ 
nolds (43) and Nelson observed that negativism tends to decrease 
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with age. Studies of the resistant behavior of young children dur¬ 
ing test procedure brings out the fact that children are most resistant 
to those tests involving the child personally, as, for example, imi¬ 
tating the examiner. Goodenough (17), utilizing the Kuhlman- 
Binet test, observed that boys, as a group, are more resistant than 
girls and that negativism is most pronounced in boys from the upper 
occupational classes Tilson (54) suggested that the gieater nega¬ 
tivism of boys in the higher occupational classes may be due to the 
greater amount of direct supervision of the child m groups of high 
socio-economic status Although age level and intelligence arc im- 
poitant factors in resistant behavior, it is apparent that environmen¬ 
tal factors become increasingly important with increasing age 

Evidence for the great importance of environmental influences for 
the social development of the preschool child is also furnished by the 
records of nursery schools and hospitals The foimcr, according 
to Walsh (57), aic beneficial, whereas the latter, according to Ailitt 
and Lloyd (3), succeed with such problems as temper tantrums, 
feeding, and enmesis, but develop other tendencies, such as exhi¬ 
bitionism and iintabihty. 

A thoiough study of preschool difficulties by Tilson biings out the 
importance of making intercomparisons of a large numbei of tiaits 
having a maladjustmental significance. Her work indicates that 
intercorrelations among a laige number of factors would be extreme¬ 
ly important for determining the relative significance of vaiious en- 
viionmental and symptomatic factors involved in problem behavior 
Utilizing 225 cases, ranging from one to five years of age, Tilson 
obtained conclations of 71 between nutrition and need of medical 
care, 67 between negativism and masturbation, .31 between negativ¬ 
ism and restlessness, and —1 0 between restlessness and fear. 

Behavior Tendencies of Maladjusted School Children . The sig¬ 
nificance of maladjustment for the future welfare of the child has 
led a large number of investigators to give undivided attention to 
pioblem children and too little attention to behavior tendencies of 
the general child population Much needless effort and much fruit¬ 
less controversy could have been avoided in the past if investigators 
had compaied their results with those from control groups or with 
pieviously deteimined not ms of well-adjusted child len. Howevci, 
norms determined for special gioups or for the general population are 
of little value unless statistically reliable and propeily validated. 
Moreover, conclusions which aie not based on data obtained through 
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controlled observation have veiy little value. Conclusions based 
upon uncontrolled observation are well illustrated by the diverse 
opinions held by some leading psychoanalysts regaiding the 1 elation 
between position in the family and social maladjustment. For ex¬ 
ample, Brill considers maladjustment most pronounced in the only 
child, Hug-Hellmuth in the case of the middle child, and Adler as 
regards the first-born Recently a scientific attack upon the same 
problem has been made by several psychologists Korn (26), woik- 
ing with three groups, that is, 25 only children, 25 oldest, and 25 
middle children, found that the only children had the best work 
habits, and, conti ary to common belief, were good mixers The 
middle children, on the other hand, were more stable than the other 
two groups. Similar results weie noted by Fenton (11) in the case 
of children ranging from the kindergarten to the sixth grade 

At the present time there is a growing tendency among students of 
child behavior to carry out extensive controlled observational or ex¬ 
perimental investigations in order to secuic norms of behavior. For 
instance, Olson (38), in an investigation of nervous habits (tics) in 
the case of several hundred school children, observed that these 
maladjustments are distributed normally. In other words, it is 
quite nornial to possess neivous habits Such results tend to call 
into question the diagnostic procedure of some clinicians who look for 
nervous habits as reliable indicatois of a psychopathic disposition, 
Olson concludes from this study and others that maladjustment is 
the problem of every child. A normal distribution of personality 
traits is also indicated by the findings of Radina (42), who studied 
137 children entering kindergarten in Russia and foun-d one-fourth 
hypcrexcitable and one-fourth at the other extreme chaiactenzed by 
lassitude 

Probably the most comprehensive and caiefully controlled study 
of character traits in the case of school children was that conducted 
by May and Hartshornc (19). In this investigation, the behavior 
of the childien was observed in various types of problem situations 
The groups were chosen from three environmental backgrounds, that 
is, supcnoi, average economic, and low socio-economic surroundings 
Only a few of the important results derived from this investigation 
can be mentioned in this paper It was found, for instance, that 
such a trait as deceit can be measured with a degree of accuracy 
comparable to that achieved by many intelligence tests Another 
important finding was that children are not consistent in their moral 
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behavior but that it is determined by the nature of the stimulus 
situation. For instance, m the case of the various tests for deceit, 
only three children cheated consistently on all of the tests It ap¬ 
peals that the dishonest children arc suggestible and unable to lesist 
the temporary incentive to cheat aroused by the specific situation. 
These studies also suggest the tremendous importance of the home 
environment, since from Grade 7 through high school honesty grad¬ 
ually increases for the gioup of children fiom average economic 
surroundings and gradually decreases in the case of children of poor 
socio-economic status Moreover, siblings wcie more alike in hon¬ 
esty than would have been predicted on the basis of their resemblance 
in intelligence. Furtheimore, the effect of classroom morale was 
apparently an important factor in determining the degiee of dis¬ 
honesty. 

Closely related to the chaiacter studies of May and Hartshorne 
and others are the vaiious attempts that have been made to deteimine 
the capacity of childien to make ethical judgments. Ethical knowl¬ 
edge does not of necessity cause ethical conduct It has been sug¬ 
gested, however, that honest children make use of verbal habits in 
resisting the temptation to cheat Ability to verbalize in turn de¬ 
pends upon intelligence and chronological age, Meltzer (34), 
studying 333 children fiom the fourth grade to high school, found a 
correlation of -j- 80 between the undeistanding of abstiact social 
terms and educational age. In other words, ability to generalize 
increases with age, and this capacity profoundly affects the natuie of 
ethical judgments. For instance, it was obseived that 50% at the 
12- j r ear level based their answers to Schaefer's question, “Why is 
stealing forbidden ?” on religious sanction whereas only 10% at the 
17-year level made this the basis of their decision 

IVhat ts a maladjusted child? Problem children are sometimes 
designated as deviates fiom the norm, When considered as statisti¬ 
cal deviates, vaiiations in a given duection are ordinarily intended. 
For instance, supcrioi intelligence or a pleasing personality, although 
deviates fiom the norm, would not, as a rule, be considered as evi¬ 
dences of maladjustment Apparently what most writers mean when 
they speak of deviations from the notm or the desired norm is a 
subjective standard of ideal behavior, It is quite evident that the 
variability of a given trait may not in itself be made the criterion of 
maladjustment, since the desirability of a trait is relative to social 
values. These social standards, as everyone knows, vary with the 
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age and civilization with which we happen to be dealing The ap¬ 
praisal of individual behavior, moreover, depends in large pait upon 
the situational point of view of the appraiser For instance, it is 
usual to consider as a behavior problem a child who is a consistent 
trouble-maker, or who makes his behavior a great inconvenience to 
others, especially to his ciders and guardians. On the other hand, 
an appraiser with a more detached point of view might considci be- 
havior as maladjusted, when it is disadvantageous foi the future hap¬ 
piness and welfare of the child From the latter point of view, such 
traits as submissiveness and dependence may well be considered as 
evidences of maladjustment. In an investigation of child behavior 
and teachers’ attitudes, Wickman (61) analyzed problem behavior 
from these two points of view On the basis of the ratings of 
teachers, he noted that maladjustments may be ananged in ordci of 
seriousness as follows. 

More More More 

serious serious serious 

than than than 

Immoralities Violations of Extravagant, Withdrawing, 

Dishonesties Orderliness in aggressive recessive 

Transgressions classroom personalty peisonohty 

against Application to and behavior and behavior 

authority school work trnits traits 

In contrast with this order, it was found that the ratings of malad¬ 
justments on the part of 30 mental-hygiene workeis yielded the 
following results. 

More More More 

serious serious serious 

than than than 

Withdrawing, Dishonesties Immoralities Trangressions 

recessive Cruelty Violations of against 

personality Temper school work authority 

and behavior tantrums requirements Violations of 

traits Truancy Extravagant oiderhness 

behavior in classroom 

tnuts 

It is worthy of note that the mental-hygiene order is practically 
the reverse of that of the teachers In other words, teachers favor 
submissive forms of behavior whereas the mental hygienists consider 
aggressive forms of behavior as the more desirable. 

Even though we grant that the rating criteria of the mental- 
hygiene group represent a broader point of view, theie still remains 
the question as to whether certain so-called undesiiable traits are 
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really what they are supposed to be. The importance of certain 
behavior symptoms posited by some psychiatrists as indicators of 
maladjustment has not been verified by objective observation. Re¬ 
cently Preston and Shepler (41) compaied 17 grade children who 
had been classed by clinics as needmg psychiatric ticatment with a 
normal group and found that, aftei psychiatric and social investiga¬ 
tion of the control group, the latter could not be distinguished fiom 
the clinic gioup, In fact, such behavioi as day-diearning, fears, and 
defensive lying occuired less in the problem than in the ‘'normal” 
control group. Another recent study of personality by Conklin (8) 
yielded somewhat similar results, Conklin made a personality study 
based upon the psychiatnc inteiview, social case history, etc., of 
two groups of lugh-school students, one of whicli had failed, or were 
failing, in two oi more subjects, the other a control group which was 
not failing m any subjects and was matched against the maladjusted 
group for average age, sex, and intelligence. The results of the ex¬ 
amination indicate that approximately 50% of both groups present 
atypical behavioi, a fact which suggested to this observer that ber 
havior which we have been considering as evidence of maladjustment 
may leally be quite normal. These reports and others suggest very 
strongly the need of objective validation of the so-called psychiatnc 
criteria of maladjustment. 

Problem behavior and environment The recent development of 
child guidance clinics has made necessary a change of viewpoint 
toward the problem of maladjustment Statistical studies have shown 
that maladjustment is a continuous process extending all the way 
from mild home problems through truancy tendencies to actual de¬ 
linquency, involving arrest and conviction by the court The milder 
forms are receiving emphasis at present due in part to the point of 
view of mental hygienists and psychiatrists and in part to the interest 
of psychologists in the development of these unfortunate habits Ac¬ 
cording to a recent survey of Benson 1 and Altenedcr, there has been 
in recent years increasing emphasis placed upon problem behavior in 
teacher-training institutions throughout the country. 

Neither the place in the family nor the size of the family bears an 
important i elation to problem behavior as determined by Levy (29) 
on the basis of data fiom 700 problem and 35,000 non-problem 
children. Many othei investigators have airived at this same con- 
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elusion in comparing the only child with members of a large family. 
Ward (59), for example, found that only children exhibited the same 
type of problems ns other children, except that lying, stealing, truancy, 
and sensitiveness were less frequent, while only child ren weie more 
restless, were given to crying, nail-biting, and showed school diffi¬ 
culties more frequently 

While place in the family pet se probably excits little or no effect 
in the child’s adjustment, the attitude of the patents is of immeasura¬ 
ble importance. This has been consistently brought out by investi¬ 
gations regarding the cause of suicides among children (13) and the 
development of ethical comprehension (35). The attitude of parents 
and high-school children toward each other was studied at length by 
Lynd and Lynd (31). Further support of what constitutes a suc¬ 
cessful parent was determined by Woodhousc (62), who consulted a 
group regarding their methods. Laws (27) has reduced this pioblem 
to a quantitative basis by means of a scale consisting of a battery of 
four tests 

Next to the home, the school is a potent influence in the life of the 
child Hactshorne and May find that school morale approaches in 
importance that of the home in building up resistance to the tempta¬ 
tion to deceive Rombach (44) studied the effect of the first ycai of 
school upon 40 hoys. He noted that the first effect of the school 
situation was to cause children to become too submissive It is note¬ 
worthy that until recently lassitude would not generally have been 
considered a behavior problem. Later, disobedience began, but in 
its initial stages it was simply misunderstanding of the teachers’ 
directions. Habits thus built up may finally lead to delinquency 
In this connection it is interesting to note that L. S. Hollingworth 
(23) reports that even children of very superior intelligence become 
disciplinary problems due to their tendency toward non-conformity, 
Juvenile Delinquency The importance of habits formed by school 
children is reflected in the many investigations which have been pub¬ 
lished regarding juvenile offenders, It has been observed that the 
seriousness of the crime, as measured by the court sentence, differs 
for the sexes As noted by Healy and Bronner (21), sentences for 
bovs are in the following order from most serious to least serious, 
stealing, truancy, running away, lying, and sex; for gi iI s, sex, stealing, 
running away, lying, and truancy A similar relationship was noted 
by Gruhle in Germany 

The age at which problem behavior reaches its height diffcis for 
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boys and girls. Ackerson (1), working with 5000 cases at the Illinois 
Institute for Juvenile Research, found problem behavior to be at its 
maximum for boys between 9 and 12 yeais and for girls at 18 years. 
Healy and Bionnei (21) find that the younger children are some¬ 
what more likely to succeed, but the difference between groups from 
13 to 18 years and those younger was not great. 

As previously suggested in the section on the significance of heredity 
for maladjustment, until recently the importance of low intelligence 
in causing delinquency has been overestimated. Anderson in 1921, 
studying 197 girls from 8 to 19 years, decided that delinquents are 
about like non-delinquents except that a laiger percentage are very 
inferior in intelligence and a smallei percentage superior. Pintner 
(40) states that, in general, the percentage of feebleminded among 
juveniles is grcatei than among adults and greater among females 
than males This latter finding is piobably due to the fact that 
females arc not committed by the court unless their offences become 
very serious 

One of the most suggestive findings was that of Slawson (51) 
His results revealed the fact that delinquent boys were better on the 
Thoinchke Non-Language Test than on the National Intelligence 
Tests, although below the norms for unselected children on both 
tests They were, however, up to the norm on the Stenquist Me¬ 
chanical and Assembly Tests Dougherty (9) even finds his delin¬ 
quent boys supeiior to the norms. Butcher, Hoey, and McGinnis 
(6) find the median IQ of delinquents to be 75 and that of their 
brothers, 86 Then educational quotient is 81 as compared with 93 
for the siblings. Heie again the pioblem boys exceeded their biothers 
in mechanical ability 

Since veibal, lather than conciete, intelligence is emphasized in 
school and this is the type on which the problem boy finds most 
difficulty, it is not surprising that delinquent tendencies arise Fur¬ 
thermore, delinquent boys have been found to be physically well 
developed, being as tall as, and slightly heavier than, non-delinquents 
This tendency toward physical maturity without intellectual and 
emotional maturity may result in lack of contiol. 

The study of the relationship of emotional characteristics to de¬ 
linquency has proved a fruitful field Anderson (2) supports Fai¬ 
sons’ theory of innate mental abnormality, his data showing nervous 
or mental abnormality in 52 to 72% of leformatory cases His 
conclusions have been criticized by Curti on the ground that the 
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figures included feebleminded, that mental abnormality is not defined, 
and that there is no evidence as to the heieditary character of the 
behavior. Healy and Bronner (21) find from 3 to 5% abnoimal. 
Two per cent of Burt’s (5) cases aic psychopathic and 9% tem¬ 
peramentally defective, that is, requiring supeivision Slawson (51), 
using the Woodworth-Mathews questionnaire, states that the de¬ 
linquents gave an "overwhelming prcpondeiance of psychoncurotic 
responses ” He also noted a tendency toward moibid depression, 
lunning away, stealing, and fatigue. Social status and nationality 
did not affect the findings. Chambers (7) observed that delinquents 
showed emotional precocity as measured by the Picssey X-O tests 
Tjaden’s (55) delinquent boys of superior intellect exhibited a ten¬ 
dency toward more worry about pain, sex, and death and also more 
feelings of persecution than college students. 

Up to this point consideiation has been given to some of the in¬ 
tellectual and non-intellectual traits which seem to bear significant 
relation to juvenile offenders To what extent are these factors the 
outcome of environmental conditions? A partial answer to this ques¬ 
tion was provided by an extensive study made by Glueck and Glueck 
(15). These investigators were primarily interested m a satisfactoiy 
basis of paroling or dismissing inmates from reformatories. They 
attempted to determine which facts have the greatest piedictivc sig¬ 
nificance for success A study of leformatory men after dismissal 
indicates that habit factors are essential in determining success. Foity- 
six per cent of those who were good workers in the pre-refoimatory 
period met success after dismissal as compared with 12% success for 
poor workers. Those rated as irresponsible preceding sentence weie 
64-% total failures, while only 41% of the responsible were total 
failures after dismissal. 

In the last few years psychologists have come to place gieatei 
emphasis upon the environmental factors causing delinquency. Sur¬ 
veys have shown a large percentage of the homes m cases of delin¬ 
quents broken by divorce or death. In a group of 341 girls obseivcd 
by Mathews (33) this factor was predominant Fearing (10), 
studying 88 delinquent boys who were psychopathic, found that two- 
thirds of them had broken homes as compared with 50% for all 
delinquents and 25% for the general population. Shidcler (50) 
found that 50% of the delinquents, as against 25% of non-delin¬ 
quents, come from broken homes. This same condition applies to 
the delinquents investigated by Burt Slawson found more than 
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twice as many delinquents having abnormal parental relations as a 
group of unselected public-school children These abnormal condi¬ 
tions were greatest among delinquent childicn of low social status, 
which seemed to indicate that social status may have some signifi¬ 
cance in the development of pioblem children 

The effect of broken homes may be due in part to the lack of 
effective discipline Burt, using a control group, states that defec¬ 
tive discipline is the most important of the 15 conditions studied 
Eighty per cent of his delinquents lacked home control as compared 
with 11% of the control gioup Defective family relationships 
ranked tenth in this list He states that the effect of the home is 
more impoitant than outside conditions in the envnonment Hcaly 
and Bronner noted that home conti ol was lacking in 40% of the 
4000 cases studied. Both Buit and Hcaly and Bionner discoveied 
excessive quarreling in the homes of their delinquents Burt finds 
six times as much quarreling in delinquent homes as the control 
group, while the data of Healy and Bronnei show quarreling in 
12% of the cases 

Actual poverty may account foi a ceitain amount of maladjust¬ 
ment Breckinridge and Abbott (4) found that 38% of the delin¬ 
quent boys and 69% of the delinquent girls came fiom poor homes 
Burt states that 18% of his delinquents were below the maigm of 
bare subsistence while this applied to only 8% of his control gioup 
Healy and Bronnei found that 20% of the delinquents were vciy 
poor, Conditions which oidmanly accompany poverty may be re¬ 
sponsible for delinquent behavior. For example, homes in poor 
neighborhoods aie apt to have undesnable lccreational facilities, al¬ 
though Buit found no difference between his delinquency and non¬ 
delinquency groups, Healy and Bronner found 20% of the cases 
had poor rccieation and Breckinridge and Abbott state that ovei 50% 
of the 832 cases were not within accessible distance of parks Shaw 
(49) recently made a study of the delinquent areas of Chicago which 
brought out the fact that there were ceitain localities in the ciowded 
center of the city far from parks which furnish a large percentage 
of the delinquents. All radii outward from the city center show a 
consistent decline. 

Closely related to the problem of crowded conditions is the forma¬ 
tion of gangs. Thrashei, studying over 1300 gangs, found that 
proximity was one of the most impoitant elements Shaw, studying 
the records of 6466 unselected cases, found two or more participants 
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in 91% of the cases of stealing. Healy and Bionner found com¬ 
panionship a causative factor in 62% of the cases Even in the 
cases of boys of superior intelligence, Tjaden (55) found bad com¬ 
panions a factor m over three-fourths of his 26 delinquents Buit, 
on the other hand, believes that bad companions play a minor iole in 
the development of social maladjustments. 

Uncongenial school and employment conditions have also been con¬ 
sidered as very important causes of maladjustment, yet the investi¬ 
gations of Healy and Bronner, as well as Burt, show them to be 
causative factois in only a small percentage of the cases 

III. Diagnosis and Treatment of Behavior Problems 

Diagnostic Procedure . Diagnostic procedures depend in large 
part upon the nature of the results obtained and upon the tech¬ 
niques used in acquiring data in the field of behavioral adjustments. 
The results obtained in the scientific study of child development 
serve a guiding or a directive function in diagnostic pioceduie They 
guide us in so far as they furnish a basis for deteimining what be- 
havioial phenomena are the most distinctive marks of maladjust¬ 
ment, Moreover, scientific data regarding normal children and 
deviates from the norm furnish us with the genetic background 
for behavioral maladjustment The procedure and results of the 
impartial scientific investigator supply the methodological back¬ 
ground for the diagnostic approach. Thus, for example, the devel¬ 
opment of psychometric techniques, which in their natuic are stan¬ 
dardized on the basis of actual results, may have a diagnostic signi¬ 
ficance because of this form of standardization. In other words, 
the technique can be used foi supplying a quantitative picture of 
the deviates from the desired norm, that is, with respect to devia¬ 
tions which aie especially significant for behavioral maladjustment. 
Thus we see that not only do the results of child rescaich enable 
us to economize in time because of the knowledge of the develop¬ 
mental factors which are significant, but also piovide us with tech¬ 
niques which may be taken over in whole, or modified in part, as 
diagnostic procedures 

Many of the older procedures used in clinics were strikingly 
crude The modern experimental movement, because of its popu¬ 
larity,^ has led to systematic revisions of the diagnostic approach to 
behavior problems. The fundamental notion of control either of 
the observer or of the situation is being consideied more and more 
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important in the handling of behavioral situations. This is especially 
true with regard to psycho-clinics and is gradually seeping into 
those clinics having a psychiatric leadership. A tentative classifi¬ 
cation of diagnostic proceduies follows. 

I, Psychometric techniques. Standardized for procedure and results 
A Tests for intellectual tiaits 

1 General ability. Verbal and non-verbal 

2 Special abilities or aptitudes, such as the Stcnquiat test of me¬ 
chanical ability 

B Measures of achievement 

1. Educational and achievement tests Diagnostic and prognostic 
C Tests of non-intellectual traits As a rule, poorly standardized 
1, Measuies of emotional instability 

a Self-t ating scales, such as the Pressey X-0 and the Wood- 
worth-Mathewa psychoneurotic mvcntoiy 
b Other rating scales (investigator, parental, etc ) and com¬ 
posite expenmcntal rating scales, such as the introversion- 
extroversion scale of Marston (32) 
c Association tests, as, for example, the Kent-Rosanoflf 

2 Measuies of motivation Examples the inteicst record of Tel¬ 
man, and Hart’s test of social attitudes and inteicsts 

3 Tests of charactei and temperament 

a , Moral traits, such as the tests of deceit, etc, evolved by 
Hartshorne and May (19) 

b Geneial temper ament Example the Downey gionp nnd indi¬ 
vidual tests of will-temperament 
c Tests of suggestibility, etc Example the Otis test of sug¬ 
gestibility 

H Experimental and non-expenmental approaches other than the psy¬ 
chometric 

A The interview Crude, psychoanalytic, and systematic. 

B Autobiographical essay Example* the general autobiography util¬ 
ized by Selling (47). Such essays may be either general or specific 
C Rating scales Self-ratmg9 and ratings by the psychologist, etc- 
Supplementary scales in conjunction with psychometric procedures 
D Case history 

E Short-sample methods, such as that used by Olson (38) for nervous 
traits in children 

F Miscellaneous cxpeiimental approaches, as, for example, the psy¬ 
chogalvanic reflex experiment, reaction-time, etc 

The clinical pioceduie of the psychologist is distinguished by the 
use of standaidized tests given under contioiled conditions Psycho- 
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metric techniques are standardized both lor pioceduie and on the 
basis of results, the chief function of which is to piovidc quantita¬ 
tive measures of the deviation from the norm for various behavior 
traits. In older that diagnosis may be complete it is necessary to 
obtain a many-sided picture of the child. Minimum essentials con¬ 
sist of the measurement of intellectual and non-intellectual traits 
and the educational achievement of the child. 

Studies of delinquents have shown them to be mfcrioi to non- 
dclmquents in intelligence although less inferior in non-verbal than 
in verbal intelligence. The Binet test gives opportunity foi the 
psychologist to observe the behavior of the individual under stand¬ 
ardized conditions and other types of infoimation which aic of 
equal value may be recoided at this time. Much insight into the 
personality and interests of the child is gained by the psychologist 
who secures the confidence of his subject. 

The experienced psychologist in giving the individual examina¬ 
tion should be provided with a standard chart of peisonality traits 
and should rate the child for these traits on the basis of the condi¬ 
tions of rapport, attitude, and remarks with reference to the vanous 
parts of the test. The rating scale should provide for the rating 
of such traits as perseverance, auto-criticism, and attention. It 
should also include a subjective rating by the examiner of mood and 
cooperation. The best type is the graphic scale as used by Laird 
and Wickman. This scale combines linear rating with phrases serv¬ 
ing as reference points for the degrees of the scale Five refeience 
points on the scale are a convenient and a sufficient number for prac¬ 
tical work An endeavor should be made to use phrases which 
are as concrete and objective as possible in order that judges will 
have the same criteria in mind in reaching their decisions. 

In this connection a scale devised by the writer (30) and used 
at Syracuse State School for Mental Defectives might be mentioned 
The aim was consistently to select criteria which would be objec¬ 
tive und within the range of activities of the judge For example, 
five points for average initiative were recorded when the child "needs 
no supervision on familar tasks if no emergency arises." Seven points 
were allowed if the child "needs less supervision than most chil¬ 
dren, nine points, if she "often notices ways of improving work or 
little things to be done/ 5 ten, if the child is "quick to notice ways of 
helping others and immediately directs them " Scoies below five 
represented criteria which showed decreasing grades of initiative. 
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Those with inferior verbal intelligence may suffer maladjustment 
because they cannot keep up with the class in school woik which 
is based upon ability to handle symbols m the form of words. On the 
othci hand, these children may be much more adept in dealing with 
concicte situations Such tests as the Pintnei-Paterson performance 
scale, the Poiteus mazes, and the Dearborn and Ferguson formboaids 
have considerable diagnostic significance. Picture completion tests, 
as, for example, Hcaly I and Healy II, serve purposes beyond the 
final scoie used as a basis of comparison with norms, as, for instance, 
the subject’s power of auto-cnticism, sustained attention, practical 
judgment, suggestibility, initiative, and emotionality 

Special aptitude tests also have a diagnostic significance and fur¬ 
nish a practical basis foi treatment As previously noted, delin¬ 
quents have been found to be equal to non-delinquents in mechanical 
ability, a fact which suggests the possibility of successfully directing 
the child’s efforts along othei lines The Stcnquist mechanical and 
assembling tests therefore should have a definite place in clinical 
procedure 

Since a large part of the child’s day is spent in school, the adjust¬ 
ment lieie piobably affects the child nearly as much as his adjust¬ 
ment to his family The clinical psychologist, therefore, should 
measure the educational achievement of the child A psychograph, 
such as that used at Waverly, makes possible a quick comparison of 
the child’s achievement with that which should be expected on the 
basis of his mental age The accomplishment quotient is a useful 
means for measuring whether the child is working up to ability. 
Diagnostic tests will be found useful in deteimining the cause for 
errors in arithmetical piocesscs Fuither study involving factois 
such as memory span may be necessary in the case of reading dis¬ 
ability. Prognostic tests may also be found helpful. 

In the study of problem children, non-intcllectual tests may often 
be more significant for diagnosis than the measuiement of intellectual 
traits. As indicated in the outline of diagnostic procedures, several 
tests have been devised for the measurement of peisonality and 
emotional instability, as, for example, the Woodwoith-Mathcws 
psychoneurotic inventory. Another self-rating scale which has been 
used to some extent is the Prcssey X-O test, delinquents showing 
emotional precocity in their reactions The Marston (32) extra- 
vcrsion-intioversion scale may prove helpful, especially at certain 
levels The Kent-Rosanoft association test is interesting as afford- 
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ing a pleasure of individual differences on the basis of responses to 
definite stimulus words. 

As previously stated, recent research suggests that motivation is 
more effective than repetition for the genesis of delinquent habits. 
Insight into the diivcs of the individual is important, both for diag¬ 
nosis and treatment. Spontaneous conversational activities during 
individual examination often supply suggestive material. Tennant 
interest record and Hart's test of social attitudes and interests fur¬ 
nish a means of obtaining a quantitative measuie of the inteicsts of 
the patient. 

The last decade has seen a significant development in the measure¬ 
ment of character tiaits. The work of May and Hartshorne is by 
far the most jmpoitant objective study of chaiactcr yet attempted. 
The battery of tests for deception, generosity, self-control, and 
cooperation should form a useful part of the clinical psychologist's 
techniques. Delinquents have been found to be moic suggestible 
and incorrigible than control gioups. The Otis tests for suggesti¬ 
bility, the Raubenhcimer overstatement tests, and Cady's tests for 
incorrigibility might be effective diagnostic instruments in the hands 
of an experienced psychologist. 

Outside of the use of psychometric techniques, both experimental 
and non-experimental approaches have been adopted. The inter¬ 
view is usually an integral pait of the procedure of the clinical 
psychologist The etude interview has been used to a large extent 
in the past, although the systematic interview would undoubtedly 
furnish a more reliable and satisfactory approach to the pioblem of 
diagnosis. Irwin (24) used this type of interview in hei work 
with truants 

In addition to the supplementary scale for Binet examinations, 
a systematic record of home and school conditions is of gicat prac¬ 
tical importance. Sims’s score card for socio-economic status, or 
Williams 1 scale for grading neighborhood conditions may be used 
in this connection 

The association method may be utilized m a variety of ways for 
systematic diagnosis. The free association test may be in the form 
of continuous sentence association, as piacticed by the psychoanalysts, 
continuous word association, or single-word response as used by Jung 
and Peterson. It might be possible to use conti oiled association to 
advantage with a galvanometei and blood-pressure apparatus as part 
of the set-up, 
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The case history method is used by both the psychologist and the 
psychiatrist This is based on reports to the case worker on the part 
of parents, teachers, etc. It consists of material derived primarily 
outside the walls of the clinic, together with information gained 
from the interview. Tjaden (55) studied the case history before 
the inteiview in oidcr to help establish rapport. It seems to the 
writer that in some instances this might actually interfere with the 
establishment of cordial relations If the subject feels the examiner 
knows too much about lus affairs he may feel that the examiner is 
just another prejudiced outsider and thus refuse to become confi¬ 
dential. At any rate, the psychologist should never lead the report 
in the child’s presence. The systematic type of case history is un¬ 
doubtedly more helpful than the crude since the formei refers 
more definitely to pertinent information. 

The autobiographical essay may be of considerable value for elicit¬ 
ing certain kinds of information fiom the child. The purpose hcie 
is to draw the child out so that he will let information slip which 
he has been trying to conceal. It is valuable where the child offers 
resistance. It may be useful foi both diagnosis and treatment The 
gencial autobiogiaphy, as used by Selling (47), may precede or 
follow the interview Drawing pictuies of the home and family 
has pioved another method of gaining rappoit and information re¬ 
garding undesirable behavioi. 

Therapeutic Procedure The treatment of the unadjusted child 
and the delinquent has taken many forms. Punishment was the 
dominant method until recently. Unhappiness for the wrongdoer 
was considered necessary both for the sake of example and of recti¬ 
fication A statistical study by Glucck of the present conectional 
system, as exemplified by the reformatory, has shown that it is effec¬ 
tive with adults in only about 10% of the cases. Reeducation of 
children, on the othei hand, met success in about 90% of the cases 
of noimal mentality, according to Healy and Bronncr. Reeduca¬ 
tion in this instance consisted of placement in a foster home 

Methods of treatment may be classified loughly under two headings, 
namely, change of the stimulus situation and change of motivation 
Under the first we may put hospitalization, institutionalization, and 
placement in a fostei home The change of environment often bungs 
about a sudden removal of the general or specific stimulus situations 
winch elicit the problem behavior The new environment may also mo¬ 
tivate the child in beneficial ways Motivation has been shown to 
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be more important than repetition in the breaking-down of delin¬ 
quent habits. Wannamaker (58) utilizes play activities of prob¬ 
lem childien to bring about improvement. He\ children were placed 
in situations where success was assured Truancy may be handled 
m the same manner The boy who is a failure in the veibal type 
of school work may enjoy the shop class where he has ability equal 
to his classmates. Since truancy is often a foreiunner of delin¬ 
quency it should be possible to avert the latter through an appro¬ 
priate and eaily treatment of truancy. A quite diffeient type of 
treatment, winch indirectly changes the motivation, is the autobio- 
giaplncal theiapy of Shaw. He found that as a result of this treat¬ 
ment his subject "Stanley" gained insight into his motives, a fact 
which enabled the individual gradually to master his impulses 
In reviewing modern trends in the psychology of maladjusted 
school children, we feel confident that the future will bring more 
outstanding developments in the practical field of diagnosis and 
therapy Furthermore, the rapid development of controlled observa¬ 
tional methods will undoubtedly be supplemented by increasingly 
subtle and ingenious methods of handling behavior pioblems through 
the experimental approach. 
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LES TENDANCES MODERNES DANS LA PSYCHOLOGY DES 
ECOLIERS MAL AJUSTfiS 
(Resum6) 

Une discussion aatisfaisante des tendances modernes dans le psychologic 
du compoitement qui offre dea problemes comprend une analyse et une evalu¬ 
ation (1) des methodes d'acquerir les donnecs, (2) dea facteurs causala et 
gdnetiques en jeu dans les mfluvais ajustments des enfants, et (3) du 
diagnostic et du traitement des d£sordrca du comportement On pr6sentc 
un r6sum£ detail^ de ^investigation du comportement dea enfants, oCi on 
fait une distinction claire entre I’approchc exp£nmentalc et l’approche non 
expSrimentale, Pendant ce sidcle-ci ll y a en nn grand accioit des experi¬ 
ences sur le comportement des enfanta, mais r^cemmcnt on eat devenu encore 
interesse aux proc6d£s non exp6rimentaux d cause d'une conviction de plus 
cn plus grande que les phases importantes du comportement des enfants sont 
difficiles d nttaquer experimentalement, On a fait une investigation des 
methodes non expenmentales et comme i^sultat on a revis6/ leg anciens pro- 
ccdes et introduit de nouvenux On a casayd de determiner k quel point 
ceitames m6thoclcs d'observation controls produisent des notations du 
compoitement non seuleinent comparables mais vnlnbles et cohdientes En 
meme temps que ce mouvement se tiouve line attention dc plus en plus 
grande fmte aux piocedis destines d neutraliser l’influcnce des facteuis non 
contioles et ignores, Dans la discussion de I’origmc et des causes des mau- 
vais ajustements des enfants, l’auteur essaie dhndiquer non sculcmcnt le 
changement de Tinteret pour la nature des probldmca dtudids mais aussi les 
ciiangements radicaux qui se sont produits dans Interpretation du comporte¬ 
ment des enfants L’auteur montre en conclusion comment les methodes 
modernes et les lesultats de la recherche moderne ont modifie Tapproche 
thSrapeutiquc et pr^sente un resume ddtaille des procedes utilises d present 
pour le diagnostic et le traitement des enfants qui offient des pioblemes 

Jenkins 
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moderne ricbtungen in der psychology schwer 
anpassungsfahiger sciiulkinder 

(Refeiat) 

Erne nngemessene Behandlung der Fragc der modernen Richtungen m 
dcr Psychologie dea unsozialcn Betragens [problem behavior) fordert eine 
Analyse und Bewertung (1) dcr Methodcn zur Sammlung des Materials; 
(2) der kausalen und genctischen Einwirkungen beim unsozialcn Betragen 
dea Kindes, und (J) der Diagnose und der Behandlung der Storungen des 
Betragens Es wird em detarllierter Plan zur Untersuchung des Bctragens 
des Kindea vorgelegt, worm cine klare Unterscheidung gemacht wird, zwi- 
schen dcr expcrimentellcn und der nicht-expenmentellen Annaherungsweise 
Wahrend des gegenwartigen Jahrhunderts, hat die Zahl der cxpenmentcllcn 
Untersuchungen des Bctragens dc a Kindes stark zugenommen; neulich, afcer, 
jntcressiert man sich wieder ftlr die nicht-experimcntellen Verfahren, well 
allmahlich die Oberzeigung starker Wird, dass wichtige Bestandteiie des 
Betragens des Kindes experimcntell schwer anzugreifen sind Die mcht- 
expcnmentellen Untersuchungsmethoden sind selber Gegcnstande dcr Unter¬ 
suchung gewesen, und iolglich sind alte Verfahren neu gcstaltct und rteue 
eingefuhrt worden Man hat versucht zu bcstimmen, bis zu wclchem Grade 
gewisse Methcden der kontrollieiten Beobaclitung nicht nur vergleichbare 
sondern auch gultige und zuverlassige Notierungen des Betragens liefem 
Mit dieser Bewegung geht die zunehmendc Aufmerksamkeit emher, die 
den Verfahren zur Neutralizicrung der Einwirkung unkontrollierter und 
unbekannter Einwirkungen gewidmet wird, In der Besprechung der Geneac 
und der tlrsachen der mangelhaften Anpassungafahigkcit bci Kmdcrn 
[child maladjustment], versucht die Verfasscrin, nicht nur auf die Ver- 
andcrung in dcr Richtung der Interesse in Beztig auf die Natur der un- 
tersuchten Aufgaben, sondern auch auf die radikalen Anderungen, dm in 
der Deutung des Betragens des Kindes stattgefunden Imben, hinzuweisen, 
Zum Schlusse zeigt die Verfasserin, wie die thcrapentische Anndherungsweise 
durch moderne Methoden und durch die Resultate der modernen Forschung 
modifiziert worden sind, und liefert emen detmllierten Umnss der gegen- 
whrtig bei der Diagnose und Behandlung schwer anpassungsfahiger Kinder 
verwendeten Verfahren. 


Jenkins 



AN EXPERIMENT ON THE ORDER OF ELIMINATION 
OF BLIND ALLEYS IN MAZE LEARNING* 

From the Psychological Laboratories of Clark University 


Gerard de Montpellier 1 2 


I Introduction 

The tempoial ouler in which the units of a material are learned 
may be regarded as determined by the degree of difficulty with which 
the diffeicnt units are mastered. This difficulty is dependent paitly 
upon the special constitution of the units considered and partly 
upon othci factors, among which great emphasis has recently been 
placed upon the spatial or temporal distance fiom the rewaid or 
punishment stimulus If this spatial or temporal distance from the 
goal is an effective factor in maze learning, it is reasonable to as¬ 
sume that this factor will work in such a way as to facilitate the 

fixation of responses in the part of the maze neaiest to the goal in 
comparison with the responses in the more distant parts. The 
existence of such a legressive order of learning, shown by a backwaid 
order of elimination of errors from the exit to the entrance, would 
support therefoie some form of the law of effect. 

This problem has been specifically investigated in many experi¬ 
mental works, and one might undoubtedly get additional data from 
almost any maze study, and yet the question has not been entirely 
clarified. Vincent (19), Pcteison (14, 15), Carr (4), Husband 

(12), and Corey (5) conclude in favor of a backward order of 

blind-alley elimination, whereas Hubbcrt (6), Iiubbcrt and Lash- 
ley (7), Warden (20), and Warden and Cummings (22) do not 
consider their results as justifying such a conclusion. Recently, 
K. W Spence (17), reviewing the literature on the subject, has 
presented supplementary evidence from experiments of Tolman and 
Honzik, Ruch, Dashiell and Bayroff, and also from the data given 
by Warden and Cummings, m favoi of a regressive order of learning 

•Accepted for publication by Walter S Hunter of the Editorial Board 
Belgian fellow of the CRB, Educational Foundation, 
a The writer wishes to express his very deep indebtedness to Dr Walter 
S Hunter of Clark University under whose guidance this woik was con¬ 
ducted 
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In the present paper, I shall not discuss in detail the lesults of 
the above experiments. On the whole, they seem to indicate that 
the alleys near the food box aie learned first and those near the 
entrance aie learned last It is to be noted, however, that the data 
secured in these studies have not all the same validity in regard to 
the problem in question In order to show clcailv the effect of the 
goal upon the older of blind-alley elimination, it is theoretically 
essential that the blinds should be strictly identical in every respect, 
except in distance from the goal In tile studies listed above, this 
requirement has not always been observed. The mazes used were 
ordinarily not homogeneous in legard to the difficulty of the blinds 
Indeed, the pioblem studied has been the ordci of blind-alley elimi¬ 
nation in the particular maze utilized rather than the pioblem of 
blind-alley elimination in a maze designed to reveal the effect of the 
food (or goal) upon the ordei of elimination. The U-shaped maze 
used bv Warden, Husband, Dashiell, and Bayroff represents a great 
improvement over the other types, but the most satisfactory is un¬ 
doubtedly the Warncr-Wardcn symmetrical linear maze The 
failure to secuic a more peifect correlation between the learning 
rates for the individual blinds and their distances from the food box 
may have been due to the failure to equate the blinds in all charac¬ 
teristics except distance from the goal 

In the experiments reported in this papei, an attempt has been 
made to equate the blinds in the manner just mentioned. With such 
a maze, the order of elimination has been investigated with both rats 
and human subjects, and, furthermore, a contribution to the prob¬ 
lem has been attempted by studying with rats the oidcr in which 
errors reappear in the complete maze habit when the animal is no 
longer fed immediately after each trial. The present paper there¬ 
fore contains data both on the integiation and the disintegration of 
a habit 

II. Experimental Section 

Procedure Four groups of untrained blind rats, 3-4 months old, 
were run, each group in a different maze pattern. In all cases they 
were given one trial a day in the maze after having received pre¬ 
liminary training one tnal a day for five days in a straightaway path 
(144 inches long, 4 inches wide, 5 inches high). During the entire 
working period, the animals were kept in individual cages When 
a rat was tested, his individual liying-cage provided with food was 
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placed at the exit of the maze The rat staited from an entiance 
box used by all animals, and so ran the maze to his own living-cage. 
After reaching the goal, each animal was allowed to eat foi about 
30 minutes The critenon of master}' was three successive error¬ 
less runs. 

With rats, a 6-unit diamond maze of the following dimensions 
was used 

total length of the tiue path* 274 inches 
distance between units 14 inches 
width of path • 4 inches 
height of path 5 inches 

length of blind alley (one section) 15 inches 
Any one of the two paths of each diamond unit could be closed at 
any distance fiom the choice point (by mseiting a wooden block 
between the walls of the path) so that sevcial different patterns 
could be obtained Rctiacing doois were placed between the units 
The top of the maze was entnely coveied bv a wire mesh 

The pattern of Maze I was made by blocking (at the places 
indicated in Figuic 1) the right path of the first, third, and fourth 

units, the left path of the second, fifth, and sixth units, so that the 

tiue path involved, at the points of choice, the following successive 
turns, left-righl-left-left-iight-nght In this maze, the distance be¬ 
tween the units was 8 inches instead of 14, as in the 3 othci mazes 
Seventeen animals weie used and learned the maze in an average 
of 16 trials. 

The essential characteristic of Mazes IT, III, and IV was that 
in each case all the blind alleys weie on the same side of the ccntial 
axis The only diffeience between the patterns was one of com¬ 
plexity In Maze II, the blinds weie, as in Maze I, one unit long 

In Maze III, the blinds were two units long In Maze IV the 

blinds weie as in Maze II, but six more blinds wcic added as shown 
in the figuic These new blinds pointed away fiom the gcnciai 
dncction of the goal and weie entcied only a few times Enois 
made in these blinds aie not included in the results shown in the 
following tables because these blinds weie not compaiable with those 
in the othei mazes. They weie intioduced chiefly in oidei to in¬ 
crease the complexity of the whole situation so as to lender the 
learning more difficult Gioups of 17, 13, and 12 untinined blind 
lats, 3-4 months old, weie set to work respectively on Mazes II, 
III, and IV 
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For the human subjects, the pattern of Maze I was used as a 
high-relief wne finger maze [same const met ion as the multiple-T 
maze described by Miles (13)]. The total length of the true path 
was 22 inches, the distance between units, inch, and the length of 
blind alleys, IJ4 inch. The maze was placed behind a scicen in such 
a manner that the subject could not sec the pattern, but could easily 
move his finger along the wue, The subject, having placed Ins 
fingei on the wire in the piopei manner, was lead the following in¬ 
structions “When I say ‘Go/ move your fingei and keep moving 
always in contact with the wire until you find a nail which will stop 
your movement You must try to reach the nail by the shortest way. 
Go as slowly as you wish. Please ask me no questions.” As soon 




jc 4 - 

FIGURE 1 
The Maze Patterns 
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TABLE 1 

ORDLR OF DitFICUITY AND TEMPORAL ELIMINATION TOR MAZES I-V 


Bhncls —> 

1 

2 3 

4 

5 

6 



Maze I 




Errors 

Mean 

5 75 

3 82 3 41 

7 70 

2 89 

3 35 

Median 

7 

6 5 

1+ 

5 

5 

Tiials 

Mean 

9 6 

8 6 7 2 

Maze II 

15 0 

7.5 

88 

Errors 

Mean 

4 41 

2 59 2 12 

1 59 

2 59 

2 38 

Median 

5 

3 3 

2 

3 

3 

Tunis: 

Mean 

6 3 

3 6 3 3 

Maze 1U 

23 

3 8 

4 0 

Errois. 

Mean 

2 38 

2 16 139 

1 62 

2 00 

2 00 

Median 

4 

2 3 

3 

3 

2 

Tunis 

Mean 

37 

2 8 2 9 

Maze IV 

26 

3 1 

28 

Errors 

Mean 

3 66 

3 92 2 84 

2 17 

2 17 

3 08 

Median 

3,5 

5 3 

2 

2 

3 

Trials 

Mean 

46 

5 3 3 6 

Maze V 

3 0 

3,0 

4.1 

Errors 

Mean 

3 70 

9 40 10 60 

10 30 

6 40 

3 05 

Median 

4 5 

14 16 5 

14 

9 

4 

Trials 

Mean 

70 

176 183 

18 6 

13 9 

6 5 


as the subject reached the nail, the experimenter said ‘All right” 
Befoie starting on the maze, three trials were made on a wire straight¬ 
away path. In all cases, the learning was completed in one sitting 

Results 

1. The outer' of blind elimination during the integration of 
the maze habit Table 1 gives, for the five mazes, the average num¬ 
ber of enors made in each blind (number 1 is the blind near the 
entrance numbei 6 ncai the exit) and the medians and means of the 
number of trials necessary to eliminate each one of the blinds* A 
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blind was consideied as eliminated when not entered lor at least 
tlnee successive trials (except in a very lew cases wheic, even alter 
three successive avoidances, the blind was cntcicd many times again, 
so that it could not be considered as eliminated bcfoie that time) 
and the numbei of the trial of the last entrance was taken as the 
point of elimination 

As may be seen from the table, the oidei of difficulty is in all 
cases closely parallel to the oidei of tempoial elimination For 
Maze I, blinds + and 1 rank lespcctively fiist and second, the others 
being more 01 less alike. The gieat difficulty of blind 4 (which 
appealed in 10 individual cases out of 17) suggested, however, that 
the pattern used in this maze was not sufficiently i eliablc for the 
pioblem in view. Indeed, although the blinds weie similar in shape, 
length, and disposition in relation to the cential axis, so that at 
each point of choice the blind alley and the true path pointed equally 
toward the food box, the maze pattern was not stnctly homogene¬ 
ous. beginning as a simple alteination (the first blind pointing to 
the right, the second to the left), it ended as a double alternation (the 
third and fourth blinds pointing to the light, the fifth and sixth to the 
left) This change in the type of altei nation is piobably one factor re¬ 
sponsible for the high number of entiances in blind 4, since this blind 
maiks the first vanation m the maze fiom the simple alternation 
response Howevci, even a legulai alternation in the cul-dc-sac 
succession, as in tlic Warner-War den symmetrical maze, foi instance, 
would not he cntuely free fiom all cntieism, When the units are 
disposed along the two sides of a central axis, all the blinds of one 
side point in the same direction but in a dneciion which is necessauly 
different fiom that of the othei gioup There is no homogeneity in 
orientation, and theiefore the two sets of culs-de-sac must be con- 
sidcied separately. Furtheimoie, it may be that the last unit of 
the true path involves a turn in a dhection which is much moic like 
the direction of one set of blinds than of the other This is the case 
in the Warner-Warden maze, as has alieady been noted by Spence, 
but it is still more true in the present Maze I, since here tile duec- 
tLon of the last tiue alley is exactly that of all the light-pointing 
blinds. If the last response befoie the goal tends to be made caiher 
and earlier m the maze, as Hunter (9) and Spence (17) have said, 
then cul-de-sac 4 in Maze I would have an incicascd difficulty for 
this reason also 

In order to make the culs-dc-sac more neaily homogeneous, Mazes 
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II, III, and IV were devised. As already noted, the essential fea¬ 
ture of these new patterns was that all blind alleys pointed m the 
same dilection, so that the two requirements mentioned above were 
now fulfilled Table 1 shows that foi these three mazes the ordei 
of learning is piactically the same* the part neai the entiance is 
the most difficult; the pait near the goal is next in difficulty, and the 
middle part is in all cases the easiest to master. 

The results for the human maze show a situation which is exactly 
inverse to that obtained with the rats Heie, the middle part is the 
most difficult, the two c\tiernes being much easier, with a slight 
tendency for the last pait to be the easiest one. This primacy- 
recency order had alieady been found foi human subjects by Wai- 
den (20) and Husband (11) 

2 The order of the reappearance of blind entrances during 
the disintegration of the maze habit In the previous section, I 
have presented results showing the older of elimination of culs-de- 
sac dunng the mastery, oi integiation, of the maze habit. This has 
been the problem attacked by all previous investigatois who have 
thus sought to throw light on the iolc played by the law of cftect in 
maze learning In the present section, I shall leport an expenment 
designed to test in a new way the effect of feeding upon the vanous 
paits of the total maze response Blodgett (1) has shown that 
rats make practically no progress in learning when they aie fed one 
hour after the completion of each tual Wlveie maze learning is 
progressing normally, with food being given immediately after each 
trial, the introduction of a delay of three to six houis between com¬ 
pletion of a tual and the feeding results, as Bruce (2, 3) and Tolman 
and Honzik (18) have shown, in a progressive loss of what has been 
learned. Sharp (16) has demonstiatcd the same type of disintegia- 
tion of the complete maze habit when feeding is delayed for two 
houis. The present expenment is a deteimination of the Older in 
which the cul-de-sac lesponses rcappcai duiing the disintegration of 
the completed maze habit, a disintegration which has been produced 
by lengthening the inteivai of time between completion of a trial 
and the receipt of food 

After the animals which had run Mazes I and III had reached 
the criterion of learning, they were given one trial a day during 15 
days in the same maze but without food in the end box The lats 
were fed only some two hours latei in their living-cages The Je¬ 
suits on the distnbution of the average number of eirors m each 
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TABLE 2 

Average Number of Errors aiter Removal or Food 


Blinds—> 1 

2 

3 4 

5 

6 

2 65 

2 77 

Maze I 

2 35 2 +1 

435 

4 76 

1 77 

2 00 

Maze 111 

2 16 2 08 

3 38 

4 46 


blind made under these conditions arc given in Table 2 It is very 
striking that in both mazes the numbei of cnors m the last two 
blinds is much higher than in any othei blind Thus m such a 
disintegration of the maze habit, errois reappear chiefly neat the exit 
which is, in general, whcic they weie less appaient dm mg the inte¬ 
gration. of the habit. 

If I were to theorize on the data leviewed and piesentcd in this 
section, I would do so as follows: The maze habit depends foi its 
establishment, and. partially for its maintenance after mastery, upon 
a ceitain temporal proximity of the food (or othei goal) response to 
those responses aroused in the maze The maze habit arises funda¬ 
mentally under the influence of a goal gradient (Hull, 8) which 
spreads in such a mannci that the intensity of the gradient decreases 
progressively in proportion as the tempoial distance from the goal 
incieases If the problem to be masteted, oi to be executed aftci 
mastery, is too far removed temporally from the goal (food) re¬ 
sponse, the value of the gradient at that point is so weak that the 
responses are not integrated in the one case, and in the other case 
they disintegrate But, in the second case this disintegration would 
not be equally gieat in all paits -of the maze Indeed, in noimal 
conditions of learning the goal gradient values aie difreicnt at the 
vanous points of the maze, tins difference being in duect proportion 
to the distance between the points considered But, when the food rs 
delayed for two hours, the interval of time between enhance to the 
maze and the food response does not differ fiom the interval of time 
between e\U from the maze and the food response by moic than 
0 5%, which means that m this situation the giacbcnt values aie 
practically identical in eveiy part of the maze Passing fiom the 
first condition (learning) to the second (lcmoval of food), the 
change in the gradient values will be therefore much gicater in the 
part near the exit than in the lest of the maze, and this change might 
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FIGURE 2 

A Schematic Representation of Gradients When the Maze Is Run with 
and without Food in the End Box 
A —goal in the first condition 
B —goal in the second condition 

well be legalded as a disturbing factor which would be responsible 
for the highei disintegiation appearing in the last pait of the maze. 
This situation is represented schematically in Figure 2, where the 
gradients A and B lefer to the conditions of running the maze re¬ 
spectively with and without food in the end box (for the constiuction 
of the curves see p 134) 

III 

3 Reliability of the diffeiences betzucen the various blinds 
In order to have some indication concerning the reliability of the 
differences in difficulty of the various blinds, two methods have been 
used. The number of enois in each of the six blind alleys has been 
expiesscd for each animal, first in teims of a peicentage of the total 
number of cuors made throughout the learning, and, secondly, in 
teims of the lank-oidei of difficulty (the most-enteicd blind ranking 
6, the next one 5, and so on) Fiom the aveiages of these pei- 
centages and lank-oiders of blind entrances, measures of variability 
have been computed by the ordinaly methods The results aie 
summarized in Tables 3 and 4 The means (peicentages and ranks) 
with then standard enois aie given foi all the mazes The rank- 
oidei method was used in older to eliminate the possible disturbing 
influence of some extieme cases, but, as may be seen from the tables, 
the parallelism is on the whole very close between the two senes of 
data 

The measures of dependability of di/feience (critical iatio) cal¬ 
culated fiom these tables, although they arc to be taken as only 
indicative by leason of the small number of cases, give the piobable 
order of difficulty foi each maze as represented in Table 5. These 
oideis aie based on diffeiences between percentages rathei than be- 
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TABLE 3 


Average Percentages or Errors and Variability (Standard Error) 


Blinds—* 

1 

2 

3 

4 

5 

6 

Learning 

21.5 

1 81 

152 

191 

Maze I 

12 3 

1 18 

27.8 
+ 44 

11 3 

1 37 

12 0 
141 

Without 

food 

12.8 

2 75 

13 8 

2 10 

12 6 

I 70 

12 1 

1 85 

21 0 

245 

28.0 

344 

Learning 

2 6 6 

2 20 

161 

2 07 

Maze II 

13 5 

1 56 

94 

1 55 

16 2 

2 06 

172 

1 8 

Learning 

23 8 

3 65 

16.5 

2.67 

Maze III 

12 3 

2 02 

14 8 

3 60 

16 6 

2 04 

15 9 
225 

Without 

food 

91 

1 88 

30 3 
2.76 

12 9 

230 

114 

2 67 

22.1 

3 00 

3+ 

4 08 

Learning 

195 

2 65 

22 2 
1.65 

Maze IV 

16 6 

2 13 

11 7 

2 45 

11 3 

1 81 

18 6 

2 79 


TABLE 4 

Average Ranks of Difficulty and Variadiuty (Standard Error) 


Blinds—> 

1 

2 

3 

4 

5 

6 

Learning 

4,8 

Maze 1 

34 29 

45 

24 

28 

0 25 

0 39 

0 27 

0.39 

0 30 

0 30 

Without 

27 

32 

29 

20 

45 

48 

food 

0 42 

0,35 

0 29 

0 29 

0 32 

0 33 

Learning 

5 3 

Maze II 

3 5 2 8 

2.2 

3 3 

3 S 

0,22 

0 37 

0 30 

0 28 

0 32 

0 35 

Learning 

44 

Maze III 

3 6 2 7 

3 0 

3 6 

3 7 

0 45 

0 43 

0 38 

0 46 

0 36 

0 44 

Without 

28 

29 

3 0 

29 

43 

50 

food 

0 46 

039 

0 28 

0 37 

0.29 

0 42 

Learning 

39 

Maze IV 

4 8 3.2 

28 

2.4 

3,7 


0 50 

0.33 

0 40 

0,50 

0.27 

0 VS 

Learning 

2.7 

Maze V 

3 9 47 

46 

3.3 

2 0 


0 30 

0 29 

0 27 

0 34 

0 28 

0 31 
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TABLE 5 

Significant Order or Diiticulty 


Order—* 

Fust 

Second 

Thud 

Learning 

0-4) 

Maze I 

(2) 

(3-5-6 

Without food 

(6) 

(5) 

(1-2-3-4) 

Learning 

(I) 

Maze II 

(2-3-S-6) 

(4) 

Learning 

(D 

Maze 111 

(2-3—1-5-6) 


Without food 

(6) 

(5) 

(1-2—3—1) 

Learning 

(1-2-3-6) 

Maze IV 

(4-5) 


Learning 

(3-D 

Maze V 

(2-5) 

(1-6) 

tween rank-orders 

In the 

case of Maze I, 

blinds 1 and 4 aie 


significantly moie difficult than any other, but the difference between 
them is not significant Blind 2 lanks second, the diffeience in 
difficulty between it and the tine-e other blinds being such that, if 
not entirely significant, the chances are, however, m eyeiy case moie 
than 90% in favor of a difference gieatei than zeio In the case 
of Maze II, blinds 1 and 4 aie respectively the most anti the least 
difficult, all the otheis langing between them at approximately the 
same level In all cases, the chances arc higher than 96% that 
this order of difficulty would be true Foi Maze III, the only 
piactically significant diffeiences are those between blind 1 and each 
of the other blinds (the chances of a true difference being in no case 
less than 94%) Blind 1 would thus rank first, all the others oc¬ 
cupying the second place For Maze IV, the differences between 
blinds 1, 2, 3, 6 aie insignificant, but the chances are higher than 
94% that these four blinds would be more difficult than blinds 4 
and 5 

In Mazes I and III, when feeding was delayed, the number of 
entiances in blinds 6 and 5 is significantly gieater than that foi any 
othei blind Furthermoie, the chances are respectively 95% and 
98% that the excess of eirors in blind 6 ovet that in blind 5 would 
be a tiue diffeience 



134 


JOURNAL OF GENETIC PSYCHOLOGY 


TABLE 6 

Percentages or Errors in the Three Parts or Mazts II, III, and IV and 
Corresponding Variability (Standard Error) 


Blinds—> 

1-2 

3-1 

- 5-6 


+3 6 

Maze 11 

22 3 

33 2 


3 01 

2 22 

3 07 


40 0 

Maze III 

27 2 

324 


5 02 

4S2 

3 78 


42 0 

Maze VI 

28 0 

30 0 


2 85 

3 00 

2 61 

Average 

41 9 

25 S 

31 9 


For the human maze, the order of primacy-recency indicated in 
Table 1 may be considered as the real order of learning in the con¬ 
ditions of tins experiment. 

In Table 6 arc given the data for Mazes II, III, and IV divided 
into tlnee parts composed of two culs-de-sac each The fiist thing 
to be noticed is the great similanty between the lcsults foi the three 
mazes. In all cases, the older of difficulty is clcaily the same, this 
ordei being very accurately indicated by the general averages given 
at the bottom of the table The coefficients of dependability com¬ 
puted fiom this table show that the first pait of the maze may be 
considered as significantly mote difficult than the last two paits 
(In the case of Maze III, howcvei, the chances of a tiue diffidence 
between paits 1 and 2 and between parts 1 and 3 aie only 96% and 
88% respectively ) The middle part is significantly the easiest one 
in Maze II For Mazes III and IV, the differences are not sig¬ 
nificant enough to support the same conclusion, the chances that the 
middle pait is easier than the last being only 80% and 69%, re¬ 
spectively. If we admit that the intensity of the goal attraction at 
each point in the maze (Hull) is the factoi chiefly responsible for 
the fixation of the habit, we may represent the results obtained in 
these experiments in a dmgiam as shown in Figuie 3 The succes¬ 
sive parts of the mazes are on the abscissae, the height of the ordinates 
representing the value of the goal attraction at each of these parts. 
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Results of the Present Experiment in Relation to thp Intensity of the 

Goal Gradient 1 ' 

(The goal gradient value at any point is, of com sc, the inverse of 
the number of crtois made at that point ) 

IV. Conclusion 

In spite of the fact that the ordei of learning as represented m the 
general avetages of Table 6 is given by each one of the tlnee mazes 
used, and although, even if the differences C ue not in all cases en- 
tucly significant, the piobabihty would be great in favor of such an 
01 dei, the conclusion that this older of learning is clmactcnstic of 
tile diamond maze must be taken with caution 

A fiist lcstncting consideiation comes fiom the fact that the pat¬ 
terns of Mazes II, III, and IV weie very easy to master The 
average number of trials wore 7 5 foi Maze II, 5,6 far maze III, 
and 8 foi maze IV, so that the total amount of euois was relatively 
small Fuitheimoie, as already seen, the only thing winch seems 
to he definitely established is the existence of a maximum of difficulty 
in the first pait of the maze under noimal conditions of learning, 
whcieas, after the food has been temoved, this maximum shifts 
towaids the last part If these results do not fit with a legulaily 
decreasing goal giadicnt, as a strictly lcgrcssive oicler of blind 
elimination would, they do mean at least that the goal is exciting 
an effect upon the distubution of learning 

^Intensity of goal gradient—reciprocal of percentages of bhnd enti anccs 
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TABLE 7 

Average Number qf Errors in Mazes VI and VII 


Blinch 

1 

3 

5 

7 9 

2 

4 

6 

8 

10 


U5 

7.0 

45 

Maze VI 

5 6 

22 

1 5 




14 7 

6 5 

3 + 

Maze VII 

3 3 42 

7,5 

5 3 

3 8 

27 

24 


IV. Elevated Maze or Simple-Alternation Type 

In regard to the results secured with these diamond mazes I 
would present now some data obtained from a group of piclimmary 
experiments in which an elevated multiple T-maze of the simple- 
alternation type has been utilized. 

A 6-unit and a 10-untt elevated maze was run, two ttials a day, 
by two gioups of 6 and 14 blind rats (3-4 months old) respectively 
The dimensions of these mazes were the following 
length of each unit of true path. 24 inches 
length of blind alleys* 10 inches 
width of path' $4 inch 

The average numbci of errors made in the various blinds are 
given in Tabic 7. As tile mazes weie not provided with retracing 
doors, some letracings occuried in the beginning of learning The 
errois of entrances in blind alleys made in such backward runs are 
not included in the results given in Table 7. As noted in the first 
part of this paper, the simple-altei nation type of maze, taken as a 
whole, is not homogeneous in legard to the difficulty of the blind 
alleys But if, foi the treatment of the data, the maze is split 
longitudinally in two halves and the two sets of blinds aie coin 
sideied scpaiately, this objection may be disrcgaided, In these con- 
ditions, as may be seen from Table 7, the order of blind difficulty 
is for the two mazes almost strictly backwaid from the goal Some 
of the diffeiences aie piobably not significant, but on the whole the 
regressive ordci of learning is cleatly indicated. This result con¬ 
trasts partially, therefore, with that obtained for the diamond maze 
What would be the factor lesponsible for this difference, the wiiter 
is unable to bay The fact that, even when the conditions seem the 
most favorable for the appearance of a regressive older of enor 
elimination, this order is not always clcaily obtained stresses the 
point that the complexity of the maze situation is such as to lender 
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doubtful the possibility of equating completely the influence of all 
the stimuli which aie to play a role in the integration of the habit 
The goal is undoubtedly the picpotent stimulus, but some other 
factois, not always apparent in the sight of the investigator may 
become diffci ential at some place in the maze and more 01 less mask 
the influence of the goal factoi 
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UNE EXPERIENCE SUR L'ORDRE DE DOMINATION DES IM¬ 
PASSES DANS L’APPRENTISSAGE DU LABYRINTHE 
(R6sum6) 

Une contribution & Petude du probleme de Fordic d’climmation des erreurs 
dans l'apprentissage du labyrinthe par lc mt blanc a etc faite en utihsant 
deux t}pcs de labyrinths Un premier groupc d’exp^nences fut fait avec 
un labyrinthe i parois comprenant 6 unites identiqucs (impasses et seg¬ 
ments de la bonne voic), disposes dang lc prolongemcnt Pune de Pautie 
Dana lc second groupc experiences, on utihaa un labyrinthe elevc, cn 
forme de T, r^ahsant un parcouis d 1 * Iterance simple Plusicurs gioupes 
de rats blancs aveuglea furent entraines sur chacun de ceg types de laby¬ 
rinths 

Les r£sultats obtenus indiquent un ordre d J 61imination des impasses 
pratiquement regressif (1 une inversion pr£s) i pnrtn du but, dans le cas 
du labynnthe eleve, si 1'on consid^re sSparement chacune des deux a&iea 
d'impasses dc meme duection, Dans le cas du labyrinthe h parois, Pordre 
domination n’est pas r£guli£remcnt regressif les impasses situcea dans la 
demure partie du labynnthe sont 61imin6es aprfcs celles du centre, lea 
impasses du d£but Stant comme dans lc cas prudent les plus difRciles a 
ehminer, 

Les r^sultata d'une experience faite avec un gronpe de sujets humnins 
en utihsant un labyrinthe de meme dessin que lhin de ceux appris par les 
rats montrent un ordre de difficulte qui est exactement l’inverse de celui 
obtemi pour le labynnthe a parois avec lea animaux les deux extr£initc 9 
du labyrinthe sont ici nettement plus faCiles 6 apprendre que la partie 
intermediate 


de Montpellier 
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EXN STUDIE ZUM DER REIHENFOLGE DEIl IRRTUMSVERMEI- 
DUNG IN LABYRINTHLERNEN 
(Refeiat) 

Eine Kontribution zum Studie der Reihcfolge der Iritumsveimcidung ini 
Labyrinthlcrnen wurde mit weissen Ratten und zwei Aiten von Labyrinth 
gemacht Die erste Reilic Vcrsuche wurde in einem sechsteiligcn geschlos- 
senen labyrinth, die andere Rcjhe in cinem eihohten, T-formigen Wcchseltyp 
ausgefuhit Burch jede Labynnthart wurden mehicie gruppen blinder 
Ratten gcbrnucht 

Die Resultate zeigten eine fast regieasivc Reihenfolge der Sackgassenver- 
meidung im Falle des erhohten Labyrinth, wahrend un nnderen, un gesehloa- 
senen Labynnth* die Reihenfolge du Vci meidungen mcht legclmnsaig 
Tcgressw vom Ziel war un die letszte Falle, die Sackgassen am Ende des 
Labyrinth wurden veimieden nach dcncii un mittelteil, wnhiend die nahe 
ties Eingangcs, wie un vorheigehendcn Falle, am scliweisten zu vermicden 
waien 

Die Resultate von Expeiuneaten an eincr Gruppc mcnachlicher Veisuchs- 
objectc —lernen in eineni Fmgerlabynnth von ciner der an den Vcisuclis- 
tieren gebrauehton Ait—/eigten eine Reihefoige der SchwicrigkeU welche 
geradc entgegenges.etzt von denen mit Ratten im eingeschlosscnen Labyrinth 
crzielten sind In diesam Falle, waren Eingang und Ende des Labyrinth 
Yicl leielitci zu meistein ah dei Mittcltcil 


dl Montpellier 



THE EFFECT OF GONADECTOMY AND TESTICULAR 
TRANSPLANTATION ON HABIT FORMATION 
AND RETENTION IN THE WHITE RAT* 1 

From The Hunan University, Changsha, China 


B. T Liang 


Introduction 

The purpose of this investigation is to study the effect of gonadec- 
tomy and tcsticulai transplantation upon learning and letention in 
the white rat In their study on the effect of ovaiiectomy on the 
behavior of young adult female iats, Macht and Doiothy (1) found 
that the opeiated lats in maze learning weie infenoi to the normal 
ones both in learning time and in efficiency as measured by the 
number of enrols, and that the animals m which only one ovaiy 
was removed did not show the same impairment in bchavioi as the 
rats with double ovaiiectomy Tsai (4) reports that totally cas¬ 
trated adult male rats made consistently poorer lecords than the 
semi-castrated animals both in problem box and maze learning, while 
the records for the latter were poorer than those foi the normal rats, 

Tuttle and Dykshorn (5) found that when rats were castiated 
or ovariectomizcd before 50 days of age, spontaneous activities and 
the ability to learn a simple maze were not altered before puberty 

From the above studies it appears that if gonadcctomy is pci- 
formed before puberty, learning in the albino Tat is not affected 
whereas post-pubertal operation seems to cause impairment in the 
learning ability of both male and female rats. 

However, (1) in the leports of the above-cited investigations 
the writers did not analyze their data m sufficient detail to convince 
the readei that their results and interpretations are unequivocal. 
It seems, therefore, that a more thoiough investigation with a more 
detailed analysis of results on the eftect both on learning and leten- 

•Recominemled by Z, Y Kuo, accepted for publication by Carl Murchison 
of the Editorial Board, and received in the Editorial Office, November 23, 
1932 

*1 wish to acknowledge mv obligation to Professor Z Y Kuo for his 
encouragement nnd revision of the manuscript, and to Professor C Tsai for 
his demonstration of the method of operation. 
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tion of gonadectomy in rats is necessary before definite conclusions 
can be reached (2) Furtlieimoie, if learning ability befoie puberty 
is not impaired by castration as Tuttle and Dykshorn seem to show, 
does pie-pubertal castration have any effect on post-pubertal learn¬ 
ing? And (3), if there is certain iclationship between testis and 
learning ability, is it due to the functioning of spermatozoa or inter¬ 
stitial cells? This last question has not been investigated, but can 
be appioached by the method of tcsticulai transplantation, 

With these three pioblems m view, we carried out a study which 
is to be lepoited in the following pages 

Operation and Procedure 

In this study 39 male rats and 16 female lats were used Twelve 
of the males and 8 of the females weie gonadectoiruzcd between 44 
and 52 days of age Autotiansplantation was performed on 17 
male rats at the same age as just indicated The remaining 10 



FIGURE 1 

Diagram of the Circuj ar Maze 
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males and 8 females weie used as contiols. Thus there are five 
gioups of lats: (1) castiated group, (2) transplant male group, 
(3) spayed female gioup, (4) male control group, and (5) female 
control gioup The usual method of castration was employed Both 
testicles were carefully lemovcd In ovariectomizing, the abdominal 
wall was opened and both ovaries lemoved The gland was then 
carefully examined to make sure that its icmoval was complete 

In autotransplantation of the testes we used the Stcinach tech¬ 
nique (2) Both testicles were fixed onto the abdominal muscles 
The funiculus spcrmaticus was kept intact, but a week later the 
connection with the funiculus was cut In the control opciation the 
same technique as perfoimed on the castrated gioup was followed 
except tliat the testes were not lemoved fiom the sciotal cavity or 
otherwise mutilated 

Tluce months aftci operation all lats weie trained in the circulai 
maze (Figiue 1) Food was used ns incentive Distance tiaveled 
bv the lat in the maze, time, and numbci of lctiacing's and enois 
in each tual were recorded The lat was given one tnal every day 
until it was able to make tlncc consecutive tiials without erior oi 
retracing and in less than 15 seconds per tnal 

Twenty days after finishing the learning, each lat was requued 
to iclearn the same maze until it icachcd the former degree of pio- 
ficiency As befoie, one tiial daily was given 

Results 

1 Learning 

n Comparison of the thee groups of male tats. The lecoids 
of the thiee male gioups are given in Tables 1, 2, 3 a t and 3 b The 
numcncal data in these tables give the avciage distance per second 
for each individual lat, its total eirors, retiacings, time, and trials 
The distance per second was computed by dividing the total dis¬ 
tance coveied by the rat in the maze in the whole course of learn¬ 
ing by the total time, Table 4 shows the lehability of the differ¬ 
ences between the aveiagc numbeis of tile tiials, errois, ictraungs, 
time, and distance per second in learning of the thiee male gioups 
It will be seen from Tables 1, 2, and 3 a that, so far as the total 
trials, errors, retracings, and time are concerned, the transplant 
rats whose transplanted testes weie not lesorbed aic, on the aveiage, 
better than the castrated group, while the contiols made the best 
records among the three groups There js one exception, howcvei, 
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namely, that, on the average, the total number of retracings for the 
transplant gioup is even smaller than that foi the control group 
The average number of trials for the controls is 17.2, with a range 
of 12 to 23, as opposed to 22.1 (range 11-39) for the transplant rats 
and to 25 5 (range 17-46) for the castrated lats. The average 
number of total cirors of the controls is 45 8, range fiom 35 to 59, 
that of the transplant rats, 49 4 (range 29-86), and that of the cas~ 
tiated animals, 63 3 (range 29-117) 

The aveiagc numbeis of total retiacings for the three gioups 
are as follows* controls, 19 8 (lange 11-28), tiansplant gioup, 18 3 
(range 10-25), castrated gmup, 22 0 (range 12-37) The average 
total time of the contiols is 2170 8 seconds (range 1021 4-3853 4), 
while that of the tiansplant animals is 2267 8 seconds (range 1413 5- 
3704 1) and that of the castrated animals is 2369 2 seconds (langc 
971.2-3436 9) If we compare individual differences among the 
thice groups, the following facts may be noted Of 12 castiated 
rals, thcic is onlv one animal who masteis the maze m fewci tuals 
than the aveiagc for the control gioup; and there aie only tlnee 
cast! cited rats which made fewer enois than the aveiagc conti ol 
On the other hand, cveiy control lat made a bettei record than 
the aveiage castiated animal in respect to the number of tuals and 
errois. The ratio between the trials for the castiated and conti ol 


TABLE 1 

Learning Records for the Control Group or Male Rats 


Rat 

number 

Total 

trials 

Total 
ei rora 

Total 

retraemgs 

Total 
time 
(in 
sec ) 

Average 
distance 
per see 
(in cm ) 

1 

16 

42 

11 

10214 

18 4 

2 

14 

35 

19 

1701 2 

10 8 

3 

20 

40 

24 

3713 8 

10 2 

4 

14 

57 

27 

31067 

11 6 

5 

22 

55 

18 

1539 1 

13 6 

6 

18 v 

46 

13 

1154 5 

12 8 

7 

12 

40 

16 

1234 2 

14 5 

8 

23 

59 

28 

3853 4 

87 

9 

18 

39 

22 

3019 7 

12 9 

10 

15 

45 

20 

1364 3 

102 

Av 

172 

45 S 

19 S 

2170 8 

12 4 

SD 

34 

79 

5 3 

1063 7 

2 6 

PE 

.7 

1 7 

1 1 

227 1 

6 
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TABLE 2 


Learning Records 

FOR THE 

Castrated 

Group or Male 

Rats 





Total 

Average 





time 

distance 

Rat 

Total 

Total 

Total 

On 

per sec 

number 

trials 

errors 

retracings 

see ) 

(in cm ) 

1 

26 

89 

37 

3436,9 

10,6 

2 

25 

57 

15 

2058 0 

12 5 

3 

20 

39 

31 

3428 8 

91 

4 

18 

50 

13 

971 2 

18 0 

5 

18 

34 

16 

1351 4 

107 

6 

46 

117 

20 

3195 6 

15 6 

7 

27 

69 

28 

3292 3 

12 4 

8 

21 

80 

30 

1545 9 

15,3 

9 

23 

51 

23 

2217 9 

11 5 

10 

17 

29 

12 

1032 1 

13 5 

11 

35 

74 

24 

31842 

102 

12 

30 

70 

15 

2718 9 

134 

Av 

25 5 

63 3 

22 0 

2369 + 

127 

MD 

61 

19.8 

6 8 

S40 3 

20 

S,D 

80 

24 2 

7,8 

920 1 

2,5 

P,E 

1,6 

47 

1 5 

179,2 

5 


TABLE 3 a 

Learning Records for 14 Transplant Male Rats 
The testicular giafts tn this gioup of rats were not ics 

orbed 





Total 

Average 





time 

distance 

Rat 

Total 

Total 

Total 

(in 

per sec 

number 

trials 

errors 

rc tracings 

sec ) 

(in cm ) 

1 

18 

54 

20 

2536 9 

14 1 

2 

20 

41 

25 

17+7 0 

15 8 

3 

39 

86 

23 

2825 6 

8 6 

4 

19 

43 

12 

2260 5 

90 

6 

21 

29 

16 

2254 0 

108 

8 

27 

58 

IS 

2633 0 

11 5 

9 

11 

35 

14 

16564 

13,7 

10 

22 

50 

19 

2198 2 

13,2 

u 

16 

38 

21 

1413 5 

14 8 

12 

34 

71 

24 

2748 6 

10 0 

14 

25 

32 

13 

3704,1 

10 5 

15 

19 

36 

21 

2634,2 

12 7 

16 

18 

56 

20 

1706,4 

13 S 

17 

21 

62 

10 

1431 4 

15 1 

Av 

221 

49 4 

18,3 

2267 8 

12 4 

SD 

P,E 

70 

1 3 

15 7 

28 

45 

8 

557 2 

100 4 

2 3 

4 
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TABLE 3 b 

Learning Records tor the Three Transplant Male Rats Whose 
Transplanted Testes Were Ri sorbed 






Total 

Average 





time 

distance 

Rat 

Total 

Total 

Total 

(in 

per sec. 

number 

trials 

errors 

retracings 

sec,) 

(in cm,) 

1 

35 

73 

IS 

3291 7 

75 

2 

17 

36 

21 

1457 5 

18 2 

3 

IS 

31 

14 

214+ 9 

14 3 

Av 

23 3 

+B 3 

17 7 

229S0 

13 5 

SD 

S 3 

21 1 

29 

756 9 

+ 5 

PE, 

3 2 

a 2 

11 

274 8 

1 7 


group is 4*83, and is large enough to insuie reliability. The differ¬ 
ence m the enois between the castrates and contiols is mote than 
thicc times the probable eiror, and is sufficiently great to possess 
considetable statistical significance, for the chances aie 98 m 100 
that a repetition of this expenment under like conditions would 
show the castiatcd gioup inferior to the controls in the enoi foi 
maze learning Between the transplant gioup and contiols the 
diitcicncc is mote than thiee times the probable ciror only in the 
case of tnals (Table 4) Both m the tiuiU and the cuois the 
cihical latios between castrates and the transplant group aie too 
small to insure reliability The average diftciences among the tlucc 
groups in total time and letracings aie not laige enough to wan ant 
any positive conclusion inasmuch as there arc only small critical 
ratios, as shown in Table 4. 

The difleience among the three gioups in the speed of lunning 
m the maze, as indicated m Tables 1, 2, and 2a by the distance pci 
second, is also very small, and it may also be considered as insigni¬ 
ficant 

b Learning process For the purpose of companng the thiee 
male gioups several learning curves for the first 25 tnals m each 
group have been plotted In Figuic 2 is shown the elimination of 
error in learning of the thiee gioups of male lats In general, the 
curves are similar to each othet m shape, all showing a lapid initial 
descent and numerous steeples But there aie some diftciences which 
must be noted (1) The contiol group's ciuve foi the fiist tnal is 
hrghei than those for the other groups, and the transplant group's 
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TABLE 4 

The RELiAniriTY or the Differences in Learning Scores among the Three 
Groups of Male Rats 



Differences between castrated and control 
groups of male rats 


Trials 

83 

1 72 

483 

Errors 

17 5 

5,01 

3 49 

Retracings 

22 

1 90 

1 16 

Time 

198 6 

289 50 

0 69 

Distance per sec 

03 

0*74 

041 

Differences between transplant and control 
groups of male rats 


Trials 

49 

145 

3 38 

Errors 

3*6 

3 30 

1 09 

Retrncings 

—1 5 

1 14 

—1 31 

Time 

97 0 

248 33 

0*39 

Distance per sec 

00 

0 69 

0 00 

D iff ere 

nces between castrated and transplant 
groups of male rats 


Trials 

34 

2,01 

1 69 

Errors 

13 9 

5 50 

2.53 

Retracings 

3.7 

172 

2 15 

Time 

101 6 

205,64- 

0 49 

Distance per sec 

03 

0 63 

0 48 


*(<i) The differences between the castrated group and the controls are 
obtained by subtracting the average numbers for the controls from the 
average numbers for the castrated group (b) The differences between 
the castrated and the transplant groups arc obtained by subtracting the 
average numbers for the latter from the average numbers for the former 
(c) The differences between the transplant group and the controls arc 
obtained by subtracting the average numbers for the controls from the 
overage numbers for the transplant group 
tP-E^^ 19 computed by the formula PE di j f — (PE,i) 3 + (PE j) ! 

curve higher than the castrated group's, that is, the contiols in the 
first trial made moie errors than the other two groups, and the 
transplant animals made more errors than the castrated animals (2) 
The control animals, from the 3rd trial on, eliminated enors much 
faster than the castrated rats, and, from the 8th tnal on, faster than 
the transplant animals (3) From the 10th trial on, the tiansplant 
animals eliminated eirors faster than the castiated rats 
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Figure 3 gives a comparison of the rate of elimination of errois 
The comparison is made clearer by a translation of the gross values 
into percentages, The percentage is computed by dividing the value 
of each tual by the value of the fust trial It will be seen m this 
figure that the control group exhibits the most rapid initial descent 
in the three gioups, the transplant gioup is mote iapid than the 
castiated group. The peicentage foi each trial foi the contiol 
group is smaller than that foi cithei of the othei two groups, except¬ 
ing that for the 7th tual; and that for the transplant animals is 
smallei than that for the castrated group. 

Table 5 shows the time of each trial and the average time of 
five trials for the thiec groups In the first trial the contiols were 
inferior to the othei two groups After the first trial the controls 



Curves Showing Elimination or Error in Learning dp the Three Groups 

op Male Rats 
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TABLE 5 

Time of Each Trial and Average Time of Five Trials in the Learning 
of the Three Groups of Maif Rats 


N umbei 
of 

tllfll 

Control 

Tune 
(in sec) 

group 
Aveiage 
time of 
five Ci i a Is 

Transplant group 
Average 
Time time of 

(msec) five trials 

Castrated 

Time 
(in sec ) 

group 

Average 
time of 
five trials 

i 

948 2 


Sll 6 


758 8 


2 

521 6 


613 6 


699 5 


3 

1514 

365 18 

182 5 

369.52 

184,3 

358 58 

4 

118 2 


120 1 


79 6 


5 

86 5 


1198 


70 7 


6 

62,5 


68 8 


77 3 


7 

49 4 


55 7 


65 4 


8 

31 8 

39,02 

46 3 

46 24 

38 9 

52 08 

9 

29 2 


21 9 


49 2 


10 

22 2 


38 5 


29 6 


li 

20 8 


15 6 


31 7 


12 

19 5 


39 2 


32 5 


13 

18 6 

17 10 

314 

23 68 

25 6 

27 68 

14 

17 4 


17 9 


29.1 


IS 

9,2 


14 3 


19 S 


16 

9,4 


15 8 


30 6 


17 

19,2 


124 


23 6 


18 

7 1 

12,34 

123 

12 92 

17 8 

26 14 

19 

18 5 


119 


28 6 


20 

75 


12 2 


30 1 


21 

8 2 


9,5 


23 2 


22 

84 


194 


21 S 


23 

8 3 

8 30 

143 

14 02 

24 7 

20 48 

2+ 



13 5 


17,5 


25 



134 


152 



TABLE 6 

Percentage tor Average Time of Five Trials in the Learning of tiie 
Three Groups of Male Rats, Based upon the Average Time 
of Five Trials tor tiif Control Group 


Control group 

Transplant group 

Castrated gioup 

1 

100 

10119 

9818 

2 

100 

US 25 

133 47 

3 

100 

138+8 

161 87 

4 

100 

10+ 70 

211 83 

S 

100 

168 92 

246 74 
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FIGURE 3 

Curves Showing the Percentage of Eiiminahon or Error in Learning or 
the Three Groups or Male Raes 

decreased time fastci than the tianspUnt animals, except in the 9th, 
17th, and 19th trials. Fiom the 5th tnal on, the conn ols were con- 
sistcntlv snpenor to the castrated animals. Fiom the 13th trial on, 
the transplant animals decreased time faster than the cabtrated iats 
In the fiist trial, the control gioup spent moie time than the cas¬ 
trated gioup, so the chftcicnce in avciage time between these two 
gioups is veiy small For this reason, we tlunk that the numbei 
of trials is the best entenon fen comparison 

In Table 6 a comparison of the aveiagc time of five tiials in the 
learning of the tluec male gioups is given. The percentage is com¬ 
puted by dividing each average time of five tuals foi the trans¬ 
plant and the contiol gioup bv the average tune of five tuals for 
the contiol gioup Percentages gicatci than 100 for cither the 
transplant oi the castrated gioup mean that the paittculai group 
spent more time than the control group In the first five trials, the 
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percentage for the castrated group is the lowest among the three 
groups. But in the 2nd, 3>d, 4th, and 5th trials the percentages 
for the castrated group are the highest The differences of per¬ 
centage between the castrated group and the controls and between 
the former and the transplant group aie greater and gieater as 
the number of tnals incicasc. Tins phenomenon seems to show 
that it is more difficult for the castrated group to make improvement 
m learning than for the other two groups. The percentage for the 


TABLE 7 

Learning Records for the Control Group of Female Rats 


Rat 

number 

Total 

trials 

Total 

errors 

Total 

retracings 

Total 

time 

(m 

sec ) 

Average 
distance 
pci sec 
(in cm ) 

1 

2 

3 

19 

36 

18 

1948 5 

12 5 

23 

47 

15 

2393 2 

10 4 

25 

54 

11 

3076 8 

84 

4 . 

21 

63 

23 

1496*0 

14 2 

5 

6 

34 

66 

17 

3174 4 

10,7 

18 

32 

10 

2238 7 

12 2 

7 

24 

51 

18 

2571 3 

13 8 

8 

26 

43 

20 

2159 8 

93 

Av 

23 8 

49 

16* 5 

2382 3 

11.4 

S.D 

47 

112 

4*1 

523 2 

20 

P.E 

1 1 

27 

98 

125 0 

47 



TABLE 8 

Learning Records for the Spayed 

Female Rats 


Rat 

number 

Total 

trials 

Total 

errors 

Total 

rctracangs 

Total 
time 
(in 
sec ) 

Average 
distance 
per sec 
(in cm ) 

1 

22 

38 

IS 

1368 5 

12,6 

2 

31 

73 

26 

2985 6 

98 

3 

21 

56 

19 

3371,4 

104 

4 

11 

33 

IS 

2463 6 

15 5 

5 

28 

64 

27 

2832,3 

13 2 

6 

16 

32 

16 

1693 8 

10 4 

7 

23 

68 

21 

2158 4 

96 

8 

18 

41 

17 

20241 

14,8 

Av. 

21 3 

50 6 

20,6 

2362 2 

12,0 

SD. 

58 

15 9 

42 

635 2 

2 4 

PE 

1,4 

3,8 

1,0 

1517 

6 



GONADECTOMY, TRANSPLANTATION, AND LEARNING 1 Si 


TABLE 9 

The Reliability or the Difference between Spayed and Control Group 
or Female Rats in Learning* 



Difference 

of 

averages 


Difference 

PE «ff 

Tunis 

—2.5 

179 

—1 40 

Errors 

1 6 

4 64 

0 34 

Retracings 

+ 1 

1 *0 

2 93 

Time 

—19 9 

196 55 

—0 10 

Distance 
pei sec 

06 

0 74 

0 81 


*The diffeiences are obtained by subtracting the average mnnbei foi the 
controls from the average number for the spayed group 


TABLE 10 

Relearning tor the Three Male Groups 


Groups 

Aveiagc 

total 

trials 

S.D. 

Average 

total 

errors 

and 

retrnemgs 

SD 

Average 
total 
tunc 
(in sec ) 

SD 

Control 

Trans¬ 

64 

1 5 

54 

29 

106 0 

193 

plant 

9 3 

3 8 

74 

65 

171 4 

106 4 

Castrated 

11 3 

60 

5.7 

41 

146 7 

89 7 


transplant group is highei than that for the control group but lower 
than that for the castrated group, except in the first five trials* 

c Compansoji of the two female groups. In the female rats 
only the spayed group and the controls arc to be compared. The 
lecords of these rats aie tabulated in Tables 7 and 8 The relia¬ 
bility of the diffeiences between the aveiages of the two groups is 
shown in Tabic 9. It will be seen that spayed rats were slightly 
better than the other gioup in lespect to the number of tuals, time, 
and speed of lmining, but as to the number of errors and retrac- 
mgs the contiols appeal to have made better lecotds The differ¬ 
ences between the two gioups, however, when all the cases aie taken 
into consideiatiori and when the data are considered from a statisti¬ 
cal point of view, do not seem to be gicat enough to warrant a 
conclusion. 
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2. Retention The average results for relearning obtained by 
the three groups of male lats are presented in Table 10. The differ¬ 
ences between average, the P E *s of these differences, and the criti¬ 
cal ratios aic shown in Table 11 The amount of retention was meas¬ 
ured by the saving scores We used three formulae * Formula 
1 is the foimula of Ebbinghaus The other two aie as follows: 


Saving scoie — 


Saving score = | 


Formula 2 

Errors made dunng, or time required\ 
foi, fust 3 trials of lelearnmg 

I- 

Errors made during, or time reqmied 
for, first 3 trials of learning 

Formula 3 

Enors made during, or time requn ed 
for, the trials after the 3rd 
tnal of lelearning 

1- 

Eriors made during, or time required j 
for, the trials aftei the 3rd 
trial of learning 


x 100 


x 100 


Foimula 2 has been used by Tsai (3) who calls it the method of 
recall. The saving score obtained by the use of Formula 1 is called 
saving-score 1; that by Formula 2, saving-score 2, and that by 
Formula 3, saving-score 3 

The results obtained by the three formulae are given in Tabic 
12, From Tables 10, 11, atid 12 the following statement may be 
made: 

Ip The average number of tnals for the contiols is less than 
those for the castrated and the transplant group, The average time 
for the controls is less than that for the transplant group. The 
differences between the control and the tiansplant gioup in enors 
and time aie insignificant [n Table 11 wc find that none of the 
differences between the castiated and the transplant groups is laige 
enough to insure reliability. 

2. The total saving scores, that is, the percentage of retention 
obtained by Formula 1, for the controls are largei than those for 
the transplant and the castrated groups; but in errors the saving 
score foi the castrated gioup is the largest, Except in the number 



GONADECTOMY, TRANSPLANTATION, AND LEARNING 153 

of trials, the saving scoics are largei foi the castiatcd than those 
for the tiansplant gioup 

3 By Formulae 2 and 3 we obtain two measures, (a) one in 
terms of cirois, and (b) one in teims of time The two values 
m the hist thice tn als, as obtained by Foi/mila 2 (saving-score 2), 

TABLE U 

The Reliability of tup Differences in Rflearninp among the Three 
Groups of Male Rats 

Diffeience 

Measure Difference* aiff ^cliff 


Differences between castrated and control 
groups of male rats 


Tnals 


49 

1 21 

4 04 

Errors 

and 

retraemgs 0 3 

1 01 

0 30 

Time 


40 7 

17 98 

2,26 



Differences between transplant and control 




groups of male rats 



Trials 


29 

0 75 

3 S7 

Enora 

and 

retracingg 2 0 

1.32 

1 52 

Time 


65 4 

19 67 

3 33 



Differences between castrated and transplant 




groups of male rats 



Tnals 


20 

1 35 

148 

Eirors 

and 

retracings —1 7 

142 

—1,20 

Time 


—24 7 

25 ,n 

—0 95 


*The differences are obtained by the method described in the footnote 
of Table 4 


TABLE 12 

Percentages of Saving tor the Three Male Groups 



Saving-score 

1* Saving-score 

2 f 

Saving- 

score 3J: 



Erroi 


Ei ror 


Error 




and 


and 


and 




retrac¬ 


letrac- 


retrac¬ 


Groups 

Trials 

ing 

Time 

ing 

Time 

ing 

Time 

Control 

Trans¬ 

62 9 

919 

95 1 

87 6 

95 6 

97 3 

93 7 

plant 

58 0 

89 0 

92 5 

90 3 

95 3 

87 9 

85.3 

Castrated 

55 6 

93 4 

93 8 

96 5 

97 5 

914 

91 2 


'♦Saving-score 1 is the saving score of total record 

tSavmg-score 2 is the saving score for the first three trials 

JS a yin g-score 3 is the saving score foi the trials after third trial 
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TABLE 13 

Rei farming tor the Two Female Groups 





Aver age 







total 







errors 


Average 



Average 


and 


total 



total 


retrac¬ 


time 


Groups 

trials 

SD 

ings 

SD 

(in sec ) 

S,D 

Control 

99 

40 

110 

5 + 

248 2 

10+5 

Spayed 

9,2 

46 

13,5 

7 1 

203 2 

110 2 


TABLE 14 

The RELfABiLm of the Difference eeuveen Spayed and Control Group 
or Female Rats in Relearning 



Difference* 


P E diff 

Difference 

VE aift 

Trials 

—0,7 


1 46 

—0 4S 

Ertors and 





retracinga 

25 


2 13 

1 17 

Time 

—+5 0 


36 25 

—1 24 

*The differences arc obtained by 

the method described 

in Table 11 



TABLE 15 


Percentages of Saving for 

the Two Female Groups 


Saving-score 1 

Saving-scene 2 

Savvng-'icoic 3 


Error 


Ei lor 

Error 


and 


and 

and 


rctrac- 


retrac- 

rctrnc- 

Groups Trials 

mg 

Time 

Ing Time 

ing Time 

Control $7 5 

83 2 

89 6 

SI 6 91 8 

88 7 84 1 

Spayed 56,9 

810 

91 4 

83 6 91 6 

78 4 90 9 


for the castiatcd ruts ai e larger than those foi the transplant iats. 
The percentage of errors and rctracings for the transplant rats is 
larger than that foi controls In the percentage of time there is only 
a slight difference between the ttarisplant iats and the coiitsols. 

4 The saving-scoie 3 (the saving scoic aftci the third trial) for 
the transplant rats is lower than that foi the castrated rats; and 
that for the castiated rats lowei than that foi the controls. 

The average results for relearning and the percentage of retention 
for the two groups of female rats are tabulated in Tables 13, 14, and 
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15 It will be seen that there is no significant difterence between 
the controls and the spayed lats. 

Examination of the Grafted Testes 

Six months after the opeiation all the rats which had finished 
the retention test were anaesthetized. The testes of the controls 
were cut off and weighed. The castrated rats were examined to 
make sure that the removal of the testes had been complete The 
grafted area of the testiculai-transplant lats was excised Aftei 
removal, the transplants were cleaned oft the muscle and fat sur¬ 
rounding them, weighed by balance, and fixed m Bourn’s fluid. 
They were then dehydrated, embedded in paraffin, and sectioned by 
20 micra The sections were stained in hematoxylin and eosin Un¬ 
mistakable testicular tissues are seen in 14 of the 17 rats. The 
weights of the transplants aie tabulated in Table 16 m which the 
learning rank accoidmg to the numbei of trials arid the weight 
rank of the transplants are also shown Some of the sections fiom 
the grafts of rats Nos 9, 2, 8, 3, 6, 10, 1, and 7 are shown in Fig- 
uies 4-11, respectively These photographs aie magnified to 90 times 
the actual size m the preparations In Figures 4-10 no spermatozoa 
can be found m the seminiferous tubules. The inteistitial cell was 
hypertiophied It seems that, in general, there is some relation 
between interstitial cells and learning ability if we accept the avciages 
of learning records of the three groups of niiilc lats as valid. But 
the weight of the transplanted testes and the degree of hypertrophy 
of interstitial cells do not seem to bear any definite relation to learn¬ 
ing ability, as the following cases will show Transplant rats Nos. 
3 and 6 made poorei lecoids in learning than transplant rats Nos 
9 and 2, but the weight rank of the transplanted testes and the 
degree of hypeitiophy of inteistitial cells are higher in rats Nos 3 
and 6 (Figures 7 and 8) than m lats 9 and 2 (Figures 4 and 
5) The learning lank of rat No 1 is very high, but its transplanted 
testes show some degree of degeneiation (Figure 10) 

The tiansplanted testes of rats No 5, 7, and 13 have been le- 
sorbed, leaving only part of the epididymis (Figuie 11), but the 
avciage results of learning of these lats (Table 3 b) seem to be not 
vstorse than that of those whose giafts weie not resoibcd We seem 
to be con f ion ted with a difficult question which we cannot explain 
in the fight of the data we have on hand On the one hand, the 
inteistitial cell seems to have nothing to do with learning, for the 
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TABLE 16 

Weight or the Transplanted Testes (in Grams), Weight Rank*, and 
Learning Rank|- tor Transplant Rats 


Rat 

number 

Weight of 
transplanted 
testes (in 
giams) 

Weight 

rank 

Lemning 

tank 

1 

.24 

12 0 

3 5 

2 

41 

6,5 

70 

3 

52 

2,0 

14 0 

4- 

,21 

13 0 

5,5 

6 

+5 

4,0 

8 5 

$ 

.38 

80 

120 

9 

,44 

SO 

10 

10 

37 

90 

10 0 

11 

.27 

110 

20 

12 

56 

1 0 

13 0 

14 

,41 

65 

11,0 

1< 

,19 

14 0 

5,5 

10 

36 

10 0 

3 5 

17 

.47 

30 

8 5 

Av 

.377 




^Weight rank is based on the innk order oi the weights of the transplanted 
testes 

tL«nrmng rank is flic rank of learning ability based upon the number of 
trials 

rats with grafts rcsorbed made no worse records than the lats with 
grafts intact Further, there is no correlation between the weight 
and size of the grafts and the ability to learn the maze But, on 
the other hand, if we assume that the interstitial cell has no relation 
with the learning ability, it cannot be explained why the contiols aie 
decisively better than the castiated rats in maze learning How¬ 
ever, it may be that in rats Nos 5, 7, and 13 the grafts had not 
been resorbed duiing learning but were lesoibed after the test. 
In this connection it must be noted that the seminal vesicles, prostate 
gland, and penis in these Kits were more developed than in the 
castrated rats But as to when the giafts vveie resoibed we cannot 
decide. And it may be that the difference of the weight of the grafts 
among the transplant rats is not large enough to affect the learning 
record, The greatest diffeience in Table 16 is 0 37 giams (0 56— 
0.19); this is very small when compared with the diffeience of the 
weight of the testes between the transplant and the control rats, 
for the average weight of the testes of controls at that time is 2 61 
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FIGURE + 



FIGURE 5 




FIGURE 6 FIGUR,i 7 

Photomicrographs or Cnoss-Srcnotis or 1AN1ED 

prom Rats 9 , 2 , 8 , and 3 , RlSPECTIU la 
M agnification x 91) 


Tl SI Lb 
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FIGURE 9 



FIGURE 10 FIGURE 11 

PllorOMlCROGR\l»HS OF CROSS-Si CTIONS 01 AUIO-IRANSPI ANTFD 1 LS1S 
FROM R VTS 6, 10, 1, AND 7, RHSl'FCI lVIl S 

Magnification \ 90 
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giams, and the diffeience between those of the transplant and the 
conti ol rats is from about 2.0 to 2 4 grams. 

In a similai manner we may explain why the diffeience in learn¬ 
ing fiords t j lc castrated and the tiansplnnt gioups was very 
small. But the whole question on the i elation between the weight 
and interstitial cells of the testes and learning ability requires further 
and more extensive study. 

Summary and Conclusion 

Thuty-nine male lats and 16 female rats, divided into five groups, 
were used in this study. Autotransplantation of testes was per¬ 
formed on 17 males, testiculai castiation on 12 males, and ovanec- 
tomy on 8 females The lest of the male and female rats were used 
as controls Three months aftei each operation, the rats were 
trained in the ciicular maze Twenty days aftei finishing the learn¬ 
ing, letention was tested. Six months after transplantation, all the 
testiculai giafts weie excised, weighed, and examined under micio- 
scope The results of this study may be summarized as follows: 

1 Learning 

a On the average, the contio!s made the best records But 
the diffeienccs m learning ability between the opciatcd xats and 
controls arc not so stiiking as those reported by Tsai Our own 
icsults also do not agree with those of Tuttle and Dykshoin who 
found that theie was no difference between contiols and opeiated 
young male rats in maze learning. 

The transplant lats were only slightly supenoi to the castiated 
rats m learning It may be that it is not only the quality but the 
quantity of testes that affect learning ability The size of the grafts 
remaining in the transplant rats may not be laigc enough to cause 
decided supenouty in learning ovei the castiated lats 

b . On the first tnal, the controls made poorer rccoids than the 
transplant lats, and the latter poorei than the castiated rats 

c Bcfoie the fifth tnal, theie was very little diffeience among 
the thiee gioups of male lats 

(l The conti ols, after the fifth trial, and the tiansplant rats, 
after the tenth tiial, weie supeuoi to the castrated lats. 

e . There was no diffeience in the speed of 1 mining in the maze 
among the thice gioups of male rats 

f There was no impoitant diffeience between the controls and 
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the spared rats. This agrees with the result of Tuttle and Dyk 
shorn, hut is at van'ance with that of Macht and Dorothy. 

2 Relearning 

a . In the male rats, the total saving Scoics in tnals and time 
for the controls aic the largest among the three groups. 

b On the first three trials of relearning the male conti ols made 
poorer records than the castiated ones but they made the best rccoids 
after the thud trial It shows that the contiols forgot rapidly, but 
also ideal net) readily. 

c The castrated rats made the best lecords on the first thiee 
trials, but after thh> trial their records were poorer than that of the 
controls. It seems that the castrated rats retained the habit most 
permanently, but found it more difficult to relearn. 

d The transplant Lats are infeiior to the controls There is 
no difference between castrated and transplant rats m relearning. 

It appeals that castration seems to have made the rats more 
phlegmatic and thus made them less disturbed by the new or long- 
sepaiatcd situations than the controls Consequently, the castrated 
rats made fewer errors and spent less time in the first few trials in 
learning and relearning. But the rate of improvement in the castrated 
rats was slower than that in the controls, so the number of trials in 
learning and relearning for the castiated was greatei than that foi 
the control group 

e In female rats there was also no appaicnt difference between 
the contiols and the spayed animals in relearning and in the amount 
of retention. 

3. We may tentatively conclude that cassation and tiansplan- 
tation in male rats before puberty tends to alter the ability to leain 
a maze aftei puberty, but ovariectomy does not show such an effect 
in female rats. 

4* Learning rank was not correlated with histological differences 
and the weights of the grafts Howevei, since the number of lats 
used is small, we shall not venture any conclusion on this point 
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L’EFFET DE LA GQNADECTOMIE ET DE LA TRANSPLANTATION 
TEST1CULAIRE SUR LA FORMATION DES HABITUDES 
ET LA RETENTION CHEZ LE RAT BLANC 
(Resum6) 

On n fait cette dtude dans le but d'etudier TefFet dc la gonadectomie et 
de la transplantation testiculairc sur Pnpprentissage et la retention cliez le 
rat blanc. On a employ^ trente-neuf rats miles ct seize rats femellea On 
a fait une autotransplantation tcsticulaire sur 17 males On a gonadcctomis6 
12 males ct 8 femellea On a employ^ comme controls autres rata 
males et femelles sans ablation 

Trois moi9 apr£s chaque operation, les rats ont et£ entraines dans le 
labyrinthe circulate Vingt jours apres la completion de Pnpprentissagc, 
on a test6 la retention Les males de controle ont fait en moyenne lea meil- 
leurea executions dans les £preuves ct lea erreurs parmi les trois groupes 
de rats males dans Papprentissage Mais dans la premiere epreuve, le 
groupe dcs chatr^s a fait les mcillcures executions dans lea erreurs et le 
temps, les rats dc controle ont fait les pires Apres la cinqui^me epreuve, 
les rats de controle ont hie supeneurs aux chatrea Dans le reapprentissage, 
les rats de controle ont ete en gtfn^ral leg meilleurs deg trois groupeg dc 
miles Mais dans leg trois premieres epreuves, les rats chatrSs ont donne 
le mcilleur rfoultat Apria la troisiimc ipreuve, leg rats de controle ont 
gagn£ le meilleur resultat d^conomte 
Les transplants sont un pen supfineurs aux chatres dans l’apprentissage, 
Til a i a la difference n’est pas sigmfiante 

On ne pent trouver aucunc difference entre les rats miles transplanter et 
leg chatr6s dans le rdapjirentissnge 

Leg males dc controle sont aup^rieurs au groupe de rats males trans¬ 
plants, mais la difference entre les rats transplants et ceux de controle 
esc petite et moms constante que celle entre les chntrtfs ct ceux de controle 
Entre les deux groupcs de femellea, i! ne se montre oucune difference 
sigmfiante dang 1’apprentissage et le reapprentissage 
Six mQiS apr£s l’oQ6ration, les testicules greffes ont £t£ peSes ct examines 
sous le microscope II n'y a eu aucune relation entre le poids et la cellule 
interstitielle des greffes et la cnpacite d’apprendre. II se peut que les 
greffes qm restent aoient trop petites pour influcncer la capacity d'appiendre 

Liang 
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DIE EINWIRKUNG DER GONADEKTOMIE UND DER HODEN- 
VEUPFLANZUNG AUF BILDUNG UND RETENTION DER 
GEWOIINHEITEN BEI WEISSEN RATTEN 
(Referat) 

Es wai die Absicht diescr Forschung, die Emwiikiing dcr Gonadcktomic 
imd der Hodcnvcrpflanziing auf Lernfahigkcit und Gednchtflis bei der weis- 
sea Ratte zu untersuchen Es burden 39 mnnnliche und 16 weibhche Ratten 
vciwendet Es wurdc an 17 mannlichen Ratten Auto-verpflanzung der 
Hoden ausgefuhrt Zwofl mannliche und 8 weibhche Tieie vvuiden go- 
nadektomisiert Die ubrigen mannlichen und wciblichen Ratten, vvuiden, 
nnch einer Schein-Kastricnmg [sham castiation], als Kontrol lucre vei- 
wcndct 

Drci Monaten nach dcr Operation wuiden die Ratten in einem runden 
Labyrinth dressicit Zvvanzig Tagc nachdem sic mit dem Lemen feitig 
vvaren, wurde die Retention gepiuft Die mannltchcn Kontiolltieic cmel- 
ten durchschmttlich die besten Leistungen in Bezug auf die Zahlen der 
Versuchc mid Felder, unter den diei Gmppen der mannlichen Ratten, beim 
Lemen Im ersten Vcrsuch, aber, erztelte die Gruppe dcr kastneiten 
Ratten die besten Leistungen in Bezug auf Znhl der Fehler und Zeitverwand, 
und die Kontrolltiere die nicdrrgsten Nnch dem funften Versuch waien 
die Koiitiolltiere den kaatrieiten Ratten ubcilegcn Beim Wiederlcinen 
erzieltcn die Kontrolltiere im Ailgemeinen urttei den dici Gmppen dcr mann- 
liclien Ratten die besten Leistungen In den ersten drci Versuchen, aber, 
erzielte die Gruppe der kastierten mannlichen Tieie die beste Leistung 
Nacli dem dritten Vcrsuch erzielten die Kontrollticie die hochste Leistung 
in Be/ug auf Ersparms [highest saving score] 

Die Gruppe nut der Hodenverpflanzung sind der Gruppe der Kastnerten 
im Lemen etvvas ubeilegen, dci Unterschied ist aber mcht bedeutend 
Es zeigte sicli benn Wicderlemen kein Unterachicd zwischen der Gruppe 
dcr kastnerten mannlichen Ratten und der dcr Ratten nut yerpflanzten 
Hoden* 

Die mannlichen Kontrolltiere sind der Giuppe dei mannlichen Ratten 
nnt Verpflanzungen ubeilegen, nber der Untersclned zwischen den Ratten 
mit Verpflanzungen und den Kontrolltieren ist klein und mcht so zuver- 
lassig wie der zwischen den kastnciten und den Kontiolltiei en 
Zwischen den beitlen weiblichen Gruppen zeigte sich kein bedeutender 
Untersclned in Bezug auf Lernen und Wiedcrlcrncn 
Seeks Monate nach der Opeiahon wurden die yerpflanzten Hoden gewogen 
und init dem Mikioskop untciaudit, Man fand kcinen Zusnmmcnhang 
zwischen dem Gcwicht und den Zwischenzellcn [inteistitial cell] dcr Vei- 
pflanzung eincrsuts und Lernfalugkeit andeiseits Es kann scin, dass die 
ubiig-bleibcndcn Verpflanzungen zu klein sind, um die Lernfahigkeit zu 
bceinllusseii 


Liang 



VISUAL PATTERN DISCRIMINATION IN THE 
MACACUS RHESUS MONKEY* 1 

From the Psychological Laboratories of Claik University 


Claude C. Neet 


Introduction 

Tiie problem of background, shape, and form in visual pattern dis¬ 
ci imination experiments, ougmally outlined by Huntei (3) and 
Bingham (2), has been reviewed recently by Munn (5, 7) and 
Munn and Stiening (8) in connection with experiments on pattern 
discrimination in the laccoon, the child (Munn and Stiening), and 
the chick In cuticizmg Bingham’s expenment (1) on pattern dis¬ 
crimination in the cluck, Hunter (3) pul foith the hypothesis “that 
all animals below man have only a moie or less ciudc pattern vision 
and that this piobably applies also to a varying period of human 
childhood” (3, p 330) He pointed out that all visual form dis¬ 
ci imination cxpci iments should conti ol the separate aspects of form 
and backgiound He also suggested a method foi this conti ol He 
maintained that none of the experiments had controlled the back¬ 
ground factor and thus the investigations had been of pattern dis¬ 
ci imination lathei than of form Bingham (2) defined shape and 
foim According to Bingham, “Forms are identical when their areas 
are equal and their general letinal distribution is similai Shapes 
aie identical when all extensions of the identical forms are equal and 
in the same retinal directions. Thus, the aicas lemaining constant, 
cither or both foim and shape may change The form remaining 
constant, the shape mav change Change in foim must always 
cause change in shape” (2, p. 140) Munn and Stiening (8) have 
shown that the background was not essential in a child’s discrimina¬ 
tion of forms, that the child could respond to either one stimulus or 
the other lcgardless of the othei, and that the child was able to dis¬ 
ci iminate form pei se Munn (7) has shown that the chick may 

'•Accepted for publication by Waltei S Hunter of the Editorial Board 
anc! received in the Editorial Office, Januaty 9, 1933 

This investigation was begun in October, 1931, and completed in April, 
1932 The writer is indebted to Dr Walter S Hunter foi guidance and 
encoui agement thioughout the course of the investigation 
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respond to only one element of a total situation and that the back¬ 
ground of a pattern was not necessarily an influential element in 
pattern discrimination. 

Watson (11) was the first to study the monkey’s ability to dis¬ 
criminate visual patterns using a discrimination technique. He found 
that one of his Macacus rhesus monkeys could discriminate between 
a circle and a square of the same aiea, Substituting a squate in¬ 
scribed in the circle caused no change in the response. The animal 
also learned in 40 trials to disciinnnate between a hexagon and a 
triangle, The lesponse was not altcicd when the triangle was in¬ 
verted, but, since no other form was substituted for the hexagon, 
no conclusions could be drawn conceining the problem of shape or 
form discrimination Johnson (4) compaicd the visual acuity of a 
young Cebus monkey with that of human subjects in a well-con¬ 
trolled experiment. He concluded that the monkey’s visual acuity 
compared “favorably With that of the human subjects under similar 
conditions” (4, p 361). 

Other experiments on the visual discrimination of patterns in 
the primates have been reported. None, however, has been specifi¬ 
cally concerned with the problems of backgiound, shape, or form 
Pet se Furthermore, the majority of these investigations have not 
been well contiollcd so that exact knowledge concerning the visual 
discrimination ability in the infrahuman primates is lacking. Stagner 
(9) has reviewed the literature on pattern discrimination in the 
primates 

The present experiment is a study of the ability of the Macacus 
rhesus monkey to discriminate visual patterns The following three 
problems have been investigated: 

1. Is the monkey's discrimination of a pattern determined by 
the configuiation consisting of the figure plus its backgiound, or 
can the monkev discriminate the figure without the influence of the 
background? This is the problem suggested by Hunter (3) 

2 Is the monkey’s disciimination based on the shape of the figure, 
or can the monkey discilmmate the form per se of the figure? A 
response to shape would mean that the discrimination is based on the 
retinal distribution of light emitted from the figiue icgaidlcss of 
the background, while a response to form pet se would mean that 
the discrimination is based on triangularity or squareness regardless 
of the retinal distribution of light emitted by the figure and regardless 



VISUAL PATTERN DISCRIMINATION IN MONKEYS 


165 


of the shape of the backgiound Discrimination of form per se is a 
visual response of the highest type. 

3, Is the monkey’s discrimination based on the total configura¬ 
tion of positive and negative stimuli or can the monkey respond cor- 
lectly to a pait of the total configuration, 1 e, f to the positive (or nega¬ 
tive) stimulus without the influence of the other stimulus? The 
results of pioblems 1, 2, and 3 have an impoitant beanng on the 
monkey’s optical mechanism and are of importance to animal experi- 
mentation in the field of vision Pioblems 1 and 3 are of intciest 
in relation to Gestalt perceptual theory 

Subjects and Apparatus 

The subjects wcic foui Macacus lhesus monkeys. The group 
consisted of two males, Goof and Bones, approximately five years 
of age, another male, Squeak, about thiee years of age, anti one 
female, Sis, appioximatcly five years of age They had all been used 
in pievious expeiiments in the Claik Laboiatory, but none had ever 
been used in vision experiments The animals were very tame and 
in good health. The female, Sis, became pregnant about 45 days 
aftci the beginning of the experiment Her responses, however, were 
not noticablv disturbed prior to paituntion 

The appaiatus used was a modification of that designed by Munn 
(6) The piincipal advantage of this type of apparatus is that the 
animal lesponds dnectly to the stimuli presented Figure \a repre¬ 
sents a ground plan of the appaiatus 

The apparatus, excluding the doois, was constructed of three-ply 
wall board. It was 30 inches high, coveied on the top with onc- 
half-inch wire mesh, and was painted a dull black on the inside A 
wall-board panel, 7 feet high and 4 feet wide, was constructed at 
A (Figure \a) to scieen the experimenter from view of the monkey 
A 12-by-24-inch opening in this panel at the height of the experi¬ 
menter’s head was covered by three thicknesses of fine wire mesh 
This served as an effective one-way vision scieen through which the 
expenmenter could observe the maneuvers of the animals The 
electric gnd was used for punishment in case of an incoirect response 
The current foi the grid was supplied by a 110-volt AC light cir¬ 
cuit shunted thiough a 0 5-amp , 1750-ohm, "Jagabi” rheostat 
The stimuli doois E and E' were 12 inches wide, 18 inches high, 
and inch thick, They were fitted with gicat caie into the 
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two openings of the back panel so that the inside surface of this 
panel was perfectly smooth Figure 1 b shows an isolated stimulus 
door in relief. A 3/16-inch groove extended across the top width 
of the dooi to within 3 inches of the bottom of the door A square, 
10 inches on a side, was cut fiom the front central portion of each 
door Thus with a white cardboard mseited in the groove, a white 
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FIGURE 1 a 

Ground Plan of Apparatus 

A is a vertically sliding door which allows entrance to B, the entrance 
chamber C 19 anothei vertically sliding dooi which pcimits entrance to 
the discrimination chamber D The floor of the discrimination chamber D 
is supplied with a shocking grid as shown P is a petition extending 9 
inches out into the discrimination chamber E and E' are doois carrying 
the stimuli to be discriminated The food box, F, is situated at a position 
equidistant from the doors, £ and E\ 
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FIGURE Xb 

Stimulus Door in Relief 


square background of 100 squaie inches was presented. The size 
of the cardboard was so arranged that no white was ever visible at 
the top of the doois Small black coids weic fastened to the top 
of each caidboaid for icrnoving them fiom the doors These coids 
were never visible from the discrimination box; they passed fiom 
the groove to the back of the door by way of a notch in the back 
section of each door Each door was situated an equal distance fiom 
the midpoint of the back panel so that the square backgiounds weic 
located in exactly similar positions on each side of the appaiatus 
The stimuli doois, E and E\ weic fastened (each on the edge ncai~ 
est the center of the appaiatus) with spring hinges which caused the 
doors to swing closed after an animal had passed through Small 









158 JOURNAL OP GENETIC PSYCHOLOGY 

metal turnbuttons fastened on the outei door casing served as locks 
Whenever desired, a given door could be locked to force the animal 
to pass out of the discrimination cliambei by way of the other door. 

The apparatus was illuminated by four electnc lamps as follows 
A shaded 15-watt lamp was suspended diiectly over the entrance 
chamber at a distance of 30 inches fiom the floor. The patterns 
were illuminated by a single, shaded, 50-watt lamp placed equidistant 
from both the patterns at a point 36 inches in fiont of the patterns 
and 30 inches above the floor. The lamp and its shade weie tilted at 
about a 30-degrce angle so that the glaic of the light would not fall 
on the monkeys' eyes and so that the stimulus patterns would be 
evenly illuminated. The food box was illuminated by a shaded, 15- 
Watt electric lamp suspended 36 inches above the floor. This lamp 
was tilted diiectly away from the apparatus so that it shed no light 
in the discrimination chamber A fourth, well-shaded, 15-watt lamp, 
placed on the front of the experimenters panel, gave only sufficient 
light to enable the recording of responses Except for these lights the 
experimental room was m darkness. 

The patterns to be discriminated consisted of black figures ap¬ 
pearing on white backgrounds. The stimuli on which the monkeys 
were tiained consisted of (a) a black equilateral tiianglc, placed 
on its base in the exact center of a white squaic background, and ( b ) 
a black circle, of the same area and brightness as the triangle, placed 
in the center of a white square background. The black equilateral 
triangle was 6 inches on a side (15 588 square inches in area) 
for Goof and Bones while the white squaic background was 100 
squaie inches in area The black circle was the same area as the 
triangle and its background was also 100 square inches in area The 
training stimuli for Squeak and Sis differed in area from those of 
Goof and Bones The black equilateral tiianglc was 4 inches on a 
side (6 928 square inches in area) with the circle of the same area. 
The backgrounds for these areas were each 49 squaie inches. Except 
for these aiea differences, the stimuli for Sis and Squeak weie pie- 
sen ted exactly as were those for Bones and Goof The smaller areas 
enabled a rigid control of the area factor in the background controls 
by making possible an increase oi decrease in the aiea of the square 
backgiounds. The animals were trained to leave the disciimination 
chamber by way of the door which bore the pattern consisting of the 
white square background and black triangular figure This pat¬ 
tern was designated the positive stimulus, while the pattern consist- 
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ing of the white squaie background and black circle was designated 
the negative stimulus. 

The black figures which appeared on the white backgrounds were 
cut from black ticket cardboard They were glued to white, dull- 
finish, 12-ply cardboard cut to the proper size foi insertion in the 
grooves of the stimulus doois To alter the white backgrounds, for 
backgiound controls, black ticket cardboard was cut to the same 
dimensions as the white cardboard so that the two could be slid into 
the stimulus doors together An opening corresponding to the di¬ 
mensions and position of the desired white backgiound was then cut 
out of the black cardboard which was placed in fiont of the white, 
so that the white backgiound was limited to the shape and position 
of the opening m the black cardboard The stimulus cardboards 
presented smooth, well-fitting, rigid surfaces 

Whcncvci either the backgiounds or the figures weie soiled in 
any manner new stimulus cards were prepared Furtheimore, dur¬ 
ing the conti ol tests, new, clean caids wcie always used for each 
animal This eliminated any possibility of extraneous visual or 
olfactoiy cues 

The entuc apparatus was so constructed that all movable paits 
could be controlled from the expeiimcntcr's panel The movable parts 
were practically noiseless, any noise, howevci, was constant fiom 
trial to trial. 

Procedure 

The general method of the experiment was as follows. First the 
subjects weie trained to disciiminate between (a) a black equi¬ 
lateral triangle in the centei of a white square background and (b) 
a black circle placed in the center of a white square background 
After the animals had learned this discrimination, controls were 
made to determine whethei or not the background of the patterns 
constituted an essential clement in the animals' discrimination These 
conti ols were earned out by keeping the black figures constant and 
vaiying the backgiounds m shape and aica. Fuither conti ols weie 
then made to detcimine whether or not the animals' discriminations 
of the black figures were on a basis of shape or form pet se These 
controls weie also designed to determine whethei or not the animals 
responded to the total configuration of the two patterns, 1 e , posi¬ 
tively to the positive stimulus and at the same time negatively to 
the negative stimulus Next a senes of tests was made in which the 
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areas of the normal tiaimng stimuli were i educed by one-half on 
each successive day These contiols wcie used to determine a low 
threshold area for the discrimination between the triangular and 
cncular figures. Finally, a group of tests was made to determine 
whether or not the patterns could be discriminated when only por¬ 
tions of the black triangle and ciicle were presented, i.e., the outlines, 
sides, base, or apex of the tiiangle. 

The preliminary training consisted in getting the monkeys well 
accustomed to the apparatus and experimental proccduie. The ani¬ 
mals were bi ought one at a time from the living-quaiiers and were 
taught to go thiough the apparatus, open the stimulus doors, and 
pass on out to the food box where they found food Each animal 
received one giapc 01 a small piece of upe banana fiom the food 
box immediately aftei each trial. Aftei the animals had thoioughly 
learned the procedure of going thiough the apparatus, the legular 
learning tiials were begun. The pieliminaiy training penod lasted 
from six to ten days depending on the animal in question 

The specific procedure for all single tiials was constant for all 
animals. The animal was led (by hand at first, later the animal lan 
ahead of the experimcntci) into the expenmcntal room, entered the 
entrance chamber, and the door was closed behind him. The ex¬ 
perimenter went to the back of the apparatus, placed a grape in the 
food box, locked the negative door, ai ranged the stimulus caids, and 
returned to the experimenter's panel at the fiont of the apparatus 
The experimenter always passed along the right side of the appa¬ 
ratus, and his movements in ariangmg the stimuli were always the 
same at every tnal When the experimental leached the front of 
the apparatus, he raised the dooi admitting the animal to the dis- 
enmination chambci. (This door was not lowered until the animal 
had passed through the positive door ) The animal then made his 
choice If he chose the negative door, which was always locked 
during the learning period, lie was shocked just as he touched the 
door The animal then passed out the positive door and obtained 
food from the food box. He then returned to the door of the 
entrance chamber and waited to be admitted for another trial Aftei 
completing his tiials the monkey was returned to Ins living-quarters 
where he received the rest of his food 

Each animal was given ten tiials pei day. If an animal went into 
a position habit during the learning period, the number of trials 
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was mcieased and the stiength of the shocking cuncnt was slightly 
alteied to mciease the severity of the punishment The tiials on 
such a day were continued (still shifting the stimuli according to 
chance order) until the position habit was broken. The negative 
dooi was locked duiing the entne tiaming period But after the 
animals had leached the ciitenon of masteiy this dooi was never 
locked 

The cntciion of masteiy for the discilinination was 9 conect re¬ 
sponses out of 10 tiials per day for 3 consecutive days Aftei an 
animal had reached the cntenon he was staitcd on contiols. A 
response at any trial was considcied incoircct (oi negative) once the 
animal had touched the negative dooi with any part of the body 
If an animal bioke down (made less than 90% coriect responses for 
10 trials) on anv contiol he was tested with the normal tiaming 
stimuli until the cntenon of masteiy was again leached, 

The stimuli weie piesented to the animals m chance oidcr The 
amount of food was conti oiled so that each monkey was well moti¬ 
vated thioughout the experiment and the animals were lun at a con¬ 
stant hour in the cnily evening. Fuitiler details of the pioccdurc 
will be discussed in connection with the contiols 

Results 

1 Results of Learning Tnals The results of the learning 
trials for thq four monkeys aie presented in Table 1 It is seen 
that Goof had mastered the discrimination in 140 tnaLs, Bones le- 
quiied 360 trials, Sis, 590 trials, and Squeak, 620 When Goof 
had icached the cntenon of mastery Squeak was seemingly at a point 
vciy neai masteiv It was at tins time that the monkeys had to be 
moved into new living-quarteis and into cntuely difteient sur- 
loundings Moving into the new quarteis had a veiy maiked effect 
on tlie animals The fiist day after being moved Squeaks accuracy 
dropped to 30%, and it was neccssaiy to test him 46 days moie 
befoic he reached mastery. Goof’s accuiacy dropped to 50% on 
that day but subsequent to this his accuracy larelv fell below 100% 
and nevei below 90% while being tested on the normal training 
stimuli Except for Goof, who was distuibed by being moved into 
his new quaiteis, Squeak was the only animal that ever bioke down 
on the noimal tiaming stimuli after leaching lire cntenon of masteiy, 
this happened after contiol No 1 
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TABLE 1 

Results of Learning Trials in Terms of Percentages Correct for 
Each 50 Trials* 


Trials 

Goof 

Bones 

Squeak 

Sis 

Remarks 

50 

54 

50 

50 

56 


100 

&0 

6Z 

86 

52 


150 

92 5 

70 

88 

50 

Goof reached criterion of 

(100-140 



mastery on trials 100-*140 


trials) 





200 

48 

46 

42 


250 


60 

46 

38 


300 


66 

46 

42 


350 


76 

46 

48 

Bones reached criterion of 

400 


100 

58 

56 

mastery on trials 330-360 



(350-360 

trials) 




450 



54 

72 


500 



56 

70 


550 



62 

70 


600 



66 

95 

(550-590 

trials) 

Sh reached criterion of 
mastery an trials 560-590 

650 



95 

Squeak reached criterion of 




(600-620 

trials) 


mastery on trials 590-620 


*Final percentages are on basis of 40, 10, 20, and 40 trials for Goof, Bones, 
Squeak, and Sis, respectively, Criterion of mastery reached in the last 
30 trials for each animal, 


2. Results of Backgtound Controls . After mastering the dis- 
crimination, the monkeys were started on the background controls. 
These controls were presented on consecutive days unless an animal's 
accuracy on any control dropped below 90% correct for 10 trials. In 
that case the animal was retested on the normal training stimuli until 
lie had responded with an accuracy of 90 to 100% for 3 consecutive 
days. When this was accomplished the animal was again presented 
with the combination which he had failed to discriminate correctly 
(except control No, 1). If the animal responded correctly to the 
control on its second presentation, the following day he was tested 
with the next control on the schedule. However, if he failed on 
this second presentation he was not tested again with tins control 
for approximately three weeks, In the meantime, training was con¬ 
tinued, first with the normal stimuli, and then with the stimuli com¬ 
binations of other controls. Figure 2 shows the background com¬ 
binations presented, and Table 2 gives the results for each control. 
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training 

stimuli 

Control 1 
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8 

9 
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The pattern containing the triangle was the positive stimulus 
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Before starting these controls the animals were tested to deteimine 
whether 01 not extraneous cues were influential in the discrimination. 
This test consisted of piesenting two plain white backgrounds with¬ 
out figuies (combination 1, Figure 2) Tq^le 2 shows that each 
of the animals broke down on this control, their accuracy was no 
better than chance The animals were then put back on the normal 
series and ail excepting Squeak lespondecl with an accuracy of 100% 
conect for the next 3 days. Squeak was given the normal stimuli 
foi 8 days before he again leached the ciitenon of masteiy. He 
was then given control No 1 again, his accuracy this time was 40%. 
His choices foi the next 3 days and all subsequent days on the nor¬ 
mal series were all 90 to 100% correct This contiol showed clearly 
that extraneous cues weie not influential in the disciimination 
The next control, No. 2, changed the squaic white backgrounds 
to circular white ones of the same brightness The backgtound areas 
for Goof and Bones were each 78 54 square inches (this was 78 54% 
of the normal aiea). On this control Goof was disturbed and went 
into a position habit with an accuracy of 50% On the second pies- 
cnt/ition he also broke down and zt was not until the thzid presenta¬ 
tion that he responded with an accuracy of 100% for 10 tnals 
Bones also bioke down on contiol No. 2; he went into a position 
habit with an accuracy of 50%, but on repeating the control his 
responses wcie 100% coirect. The backgrounds (as well as the 
figure areas) in all controls foi Squeak and Sis (except where spe¬ 
cifically stated otherwise) wcie the same area as the normal stimuli. 
Thus the circulai baclcgiounds m control No 2 foi Sis and Squeak 
were each 49 squaie inches in aiea Squeak went into a position 
habit on contiol No 2 with an accuracy of 50%; however, on the 
second presentation lie lesponded with an accuiacy of 100% for 
10 tnals. On control No, 2 and on every backer?ound control Sis 
responded with an accuracy of 100% 

In control No 3 the normal figuics appeared on white, triangular 
(isosceles) backgrounds The aiea of the background for Goof and 
Bones was 50 squaic inches. Goof went into a position habit with 
an accuiacy of 50%, but on repeating the control (with 3 days of 
intervening noimal seiies) he made an accuracy of 100% foi the 
10 trials. On this contiol Bones responded 9 times correctly out 
of 10 trials. Squeak, like Goof, broke down on control No 3 
biit 4 days later he responded with an accuracy of 00% for 10 
trials. 
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TABLE 2 

Results or Background Controls* 


Con- 






li ol 






No 

Goof 

Bones 

Squeak 

Sis 

Remarks 

1 

40 

60 

60 40 

60 

All animals disturbed 
| All animats except Sis 

2 

50f 50 j: 100§ 

sot loot 

sot 90 t 

100 | 

[disturbed on hist test, 

_ Goof only on second test 

3 

50|- lOO* 

90 

50| 90t 

100 | 

i Goof and Squeak disturbed 
[ on first test 

4 

100 

100 

100 

100 

Not distill bed 

5 

100 

90 

100 

100 

Not disturbed 

6 

100 

90 

100 

100 

Not disturbed 

7 

100 

90 

100 

100 

Not distuibed 

8 

100 

100 

100 

100 

Not distui bed 

9 

100 

100 

100 

100 

Not distui bed 

10 

100 

100 

100 

100 

Not distui bed 

11 

90 

100 

100 

100 

Not distui bed 

12 

100 

100 

90 

100 

Not distill bed 

13 

100 

100 

100 

100 

Not distui bed 

1+ 

100 

100 

100 

100 

Not distui bed 

15 

100 

100 

100 

100 

Not disturbed 

16 

100 

100 

100 

100 

Not distui bed 

17 

100 

100 

100 

100 

Not disturbed 

13 

100 

not run 

not run 

not run 

Not disturbed 

19 

100 

100 

100 

100 

Not disturbed 

20 

100 

100 

100 

100 

Not disturbed 


‘Results expressed in percentage correct of ten trials 
tFirst presentation, 

.[Second piesentation 
§Third piesentation 


Reference to Figuie 2 shows that conti ols 4 to 12 keep the black 
figuics constant but change the backgiounds in various ways. Dia¬ 
monds, ovals, hexagons, and crosses aie used in vaiious combinations 
The aicas of these backgrounds foi Goof and Bones vaued They 
were always as laigc as possible but they were limited in height and 
width by the lO-bj'-lO-inch squaic openings in the wooden stimuli 
doors* However, in each case of controls 4 to 12 the areas foi 
Squeak and Sis wcic the same as their normal backgiounds. The 
interesting fact, as shown by Tabic 2, is that each monkey lesponded 
to every one of these controls (4 to 12) with an accuracy of 90 
to 100% concct foi each 10 tnals These results ptoved that the 
backgrounds presented in conti ols 4 to 12 wcic in no way essential 
for coirect discrimination. 
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Control 13 reduced the normal white square backgiounds of 100 
square inches used by Goof and Bones to squares of 50 square inches 
in area. Squeak and Sis, naturally, weie not tested on this control. 
Goof and Bones each made an accuracy of 100%. 

Contiols 14 and 15 were used for the sole purpose of determin¬ 
ing whether or not the area of the background was an essential 
factor for the accuracy of discrimination. These were the first 
controls in winch the background areas were changed for Squeak 
and Sis. Control 14 reduced the square backgrounds to 36 square 
inches foi Goof and Bones and increased the square background 
areas for Squeak and Sis to 100 square inches All four monkeys 
made an accuracy of 100% for 10 trials. 

The squaie backgrounds in control 15 differed in area. For Goof 
and Bones the small square was 36 square inches in area while the 
larger was 100 square inches (the normal area), Foi Squeak and 
Sis these squares were 25 square inches and 49 square inches in area 
These backgrounds were not alternated by chance as weie the fig¬ 
ures. The smaller of the two areas always appeared on the left. 
All four of the monkeys responded to this control with an accuracy 
of 100%. 

The results of controls 14 and 15 are important. They show con¬ 
clusively for Squeak and Sis that the area of the background had 
nothing whatever to do with the accuracy of their discrimination. 
These controls also show that, at the time they were presented, the 
background areas were not an influential element in the discrimina¬ 
tions of Goof and Bones. As has been stated previouslvj the back¬ 
ground areas for Goof and Bones were not kept equal to the areas 
of the normal stimuli on which these animals were trained This 
factoi is of importance only in controls 2 and 3, both Goof and 
Bones broke down on control 2, while Goof alone broke down on 
control 3 Therefore it cannot be stated positively with regard to 
controls 2 and 3 that the background was an essential element m 
the discriminations of Goof and Bones. But in consideration of the 
results of controls 13, 14, and 15 (which controlled for the area 
factor) such a statement seems well justified It is conclusive, how¬ 
ever, that the background was an essential element in Squeak's dis¬ 
crimination of the patterns in controls 2 and 3. 

Controls 16, 17, and 18 consisted merely in turning the triangle 
through 45 degrees to the left, 90 degrees to the right, and 180 
degrees respectively Goof, only, was tested on control 18. Since 
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FIGURE 3 

Controls for Shape of Form per se 

later controls used the inverted triangle, it was not used for the 
other monkeys Furthermore, Bones, Squeak, and Sis were tested 
on controls 16 and 17 after having been tested on the controls listed 
in Figure 3. This was done to be sure that the animal would not 
be conditioned to any different position of the triangle; such changes 
might have had a bearing on the more important controls of Figure 
3 However, all the animals responded to these controls with 100% 
accuracy. Controls 19 and 20 which also shifted the positions of 
the triangle and circle were run by all the animals with an accuracy 
of 100%. Controls 16 to 20 are important in that they show that 
the position of the triangle and circle in the background is not an 
essential factor of the discrimination 

Summary 

a One animal, Sis, ran every background control with an accu¬ 
racy of 100% for each control. The controls consisted of changes 
in form of the background, changes in area of the background, and 
changes in position of the figures appearing on the backgrounds It 
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can be conclusively said, theicfoie, that this monkey’s discrimination 
was not deteimined in any manner by the backgrounds of the pat¬ 
terns disci lminated. 

b Goof, Bones, and Squeak bioke down on control No 2 
Goof did not lespond coiicctly to this contiol until its thud presenta¬ 
tion. When Bones and Squeak repeated tins control then accuracies 
weie 100 and 90% respectively. In control No 3 only Goof and 
Squeak bioke down, but, on repeating the control, they attained ac¬ 
curacies of 100 and 90% respectively The three animals then ran 
eveiy lcmaining background control correctly. Contiols 14 and 15, 
in particular which aiteied the aieas of the backgrounds only, defi¬ 
nitely showed that aica differences had no effect on the dLscrimma- 
trons of Squeak and Sis. Conti ols 13, 14, and 15 also showed that 
Goof and Bones were not influenced by area changes in the back¬ 
ground. Of couisc this was true for the period when these controls 
were given so one cannot say conclusively that Goof and Bones were 
not influenced by area changes when they weie tested on controls 
2 and 3 But since Squeak and Sis were not affected by atca changes 
it seems very probable that Goof and Bones were not either Only 
one difficulty remains. It might have been that if Squeak and Sis 
had been given their area changes just after mastenng the ongmal 
discrimination they would have been disturbed by different back¬ 
ground areas The point is that Goof, Bones, and Squeak, at first, 
may have been slightly dependent on background factors Two 
questions arise, (a) If Goof, Bones, and Squeak, aftci icaching 
mastery, had been tested continually on regular training stimuli 
until the discnrnmation had been ovei learned would they have broken 
down when the backgrounds weie altered? Oi {b) did the changes 
in the backgiounds of the first controls serve to reduce theii de¬ 
pendence on any backgiound factors? The present results tend 
to indicate that, in the case of the three animals which broke down 
on their fiist controls, the changes in background had such an effect 
c It can be stated conclusively that the backgiounds were an 
essential element m Squeak’s early behavior, and that the same was 
no doubt true for Goof and Bones. Furthermore, it was shown 
that these animals soon learned to disregard the backgiounds in their 
discriminations. 

3 Results of Controls for Shape or Foun per se, Aftci the 
animals had completed the background tests they weie staited imme¬ 
diately on controls which substituted various other black figures 
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foi the tuangle or the cucle. The schedule for picsenting these con- 
tiols was not the same as that for the backgiound contiols The 
schedule for Goof, Bones, and Sis was as follows* Contiols 21, 
22, and 23 were piesented on consecutive days; then the noimal 
stimuli weie piesented foi one day, and the ne'tt day control 24 was 
given Fiom this point on, the noimal stimuli weie presented foi 
tlnee days between each contiol icgardless of whcthci the animals 
disciimmated the controls cotiectiy oi not Squeak's schedule 
tlnoughout contained three days' naming with noimal stimuli be¬ 
tween each contiol test Figure 3 shows the combinations piesented 
to the animals In only two cases (combinations Nos 21 and 29, 
Figuie 3) weie the backgiounds alteicd In the case of contiol 21 
the backgiound aica was 64 27 squaic inches Contiol 29 used 
only a continuous black backgiound The white squaic backgiounds 
of the naming stimuli weie used in all othei contiols of this series 
In every case, the black figuics appealing on the white background 
weie of the same aiea and bnghtness as the figures of the noimal 
tiaining stimuli 

The animals were tested on combinations 21 to 29 (Figuie 3) 
after winch they weie given contiols 31-38 Following these con¬ 
tiols, the monkeys weie retested on those controls (21-29, Figure 
3) in which thcii accuiacies had been below 90% concct for 10 
tuals Combination 30 (Figure 3) was piesented to Goof and Bones 
30 and 31 days respectively after they had been tested on combina¬ 
tion No 26 the second time Table 3 presents the lesults of the 
tuals on combinations 21 to 30 

As seen in Figuie 3, combination 21 consisted essentially of in¬ 
verting the tuangle (positive stimulus) and changing the circle to 
a black cioss of the same aiea and bnghtness The backgrounds 
weie as shown and remained on a constant side Table 3 shows 
that Goof tesponded concctly to this contiol. Bones was given 14 
tuals and made an accuracy of 93%. He made only one enor, 
that on his thud trial Squeak bioke down, his accuiacy dropping 
to 40% It was thought that peihaps the stiangc backgiounds 
might have influenced his i espouses, so, aftci being presented with 
the noimal stimuli foi 3 days, he was given the same contiol. His 
responses weie 50% concct Thnty-cight clays latci he was tested 
again on combination 21 using the noimal squaie backgiounds His 
responses weie 60% correct for 10 tuals This showed that Squeak 
could not lespond concctly to this control Sis responded to com- 
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bination 21 with an svccmacy of 100% for 10 trials. These results 
show clearly that thiee of the animals, Goof, Bones, and Sis> could 
respond positively to the triangle on its apex This may have been 
a response to form pet se , for the shape (letinal distribution of 
light) is altered by inverting the triangle, but thcie remains a possi¬ 
bility that the monkeys may have been responding to the flat hori¬ 
zontal line of light across the base of the tuangle or to the sloping 
lateral sides Tins control did show, however, that for Goof, Bones, 
and. Sis the negative stimulus (the cross) was not necessary for the 
discrimination Squeak’s breakdown may have been due eithci to 
lack of the normal negative stimulus (the circle) oi to the inversion 
of the triangle. 

The monkeys wcic next tested on combinations 22 and 23 (Figure 
3) All four animals responded to combination 22 with an accuracy 
of 100% for 10 tiials, and Goof, Bones, and Squeak responded to 
No 23 coirectly Sis broke down to 60% on control 23. These 
two contiols show quite clearly that all foui animals could respond 
negatively to the negative stimulus (the circle without the influence 
of the triangle), and, in addition, that Goof, Bones, and Squeak 

TABLE 3 

Resuits of Controls for Shape or Form per se 1 * 

Con¬ 

trol 


No 

Goof 

Bones 

Squeak 

Sis 

21' 

100 

93 

40+ 501: 60§ 

100 



(14 trials) 


22 

100 

100 

100 

100 

23 

100 

100 

100 

60 

2+ 

100 

100 

100 

100 

25 

40f 0+ 

10+ 0+ 

40 

50 

26 

711 100* 

(14 ti ials) 

60+ 100+ 

60+ 80+ 

60 

27 

G4+ 100t 

50f 90+ 

93 

86 


(14 trials) 

(14 trials) 

(14 trials) 

28 

64+ 60+ 

(14 trials) 

100 

50+ 50+ 

60 

29 

50 

50 

50 

40 

30 

90 

40 

not run 

not urn 


♦Results expressed in percentage collect Percentages based on ten trnls 
unless otherwise indicated 
+First presentation 
^Second presentation 
§Third presentation 
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could respond positively to the tiianglc without the circle (negative 
stimulus) being an essential element There is a possibility 7 that 
in discriminating the normal stimuli Sis responded positively to the 
low horizontal distribution of light conesponding to the base of the 
triangle If this weie true then she would have responded likewise 
to a horizontal line of the squaie when it was substituted for the 
triangle, This may have been the case on combination 23 to which 
she lesponded with an accuracy of 60% Each animal responded 
to control 24 with an accuracy of 100% 

Control 25 was the opposite of 24 in that it picsented the normal 
positive triangle in the white background against a blank white 
squaie backgiound foi the negative stimulus. All the animals broke 
down on this control, Bones lesponded positively to the blank back¬ 
giound 9 out of 10 tnals Moic than 30 days aftei being tested on 
control 25 Bones and Goof were retested on the same contiol. The 
percentage correct for each was zero, i.e , each responded to the blank 
white backgiound 10 times out of 10 trials These lesults show 
that the monkey responded more readily to the blank, squaie, white 
background than to the positive triangle appearing in an “identical” 
background It is possible that Bones, Goof, and Sis had become 
conditioned positively to the white square in discriminating combina¬ 
tion 24, but this does not hold true for Squeak, He was presented 
with conti ol 25 before 24 to test this assumption He broke down 
on combination 25 and later made an accuiacy of 100% on control 
24 Weidensall (12), working with the rat, and Munn (7), woik- 
ing with the chick, have shown that a white stimulus was much 
more effective than a black one for setting up a disci imination A 
similai condition seemed to be piesent with Goof and Bones, If 
the black tiianglc in combination 25 was effective, its effectiveness 
was not sufficient to prevent a ptepondciance of responses to the lone 
white squaie, Tins points to the fact that in the discrimination of 
the normal stimuli (Figure 3), the triangle appealing in the white 
backgiound was not as effective as the circle on its background, 
i e , the monkeys could respond positively to the positive stimulus 
as shown in combinations 21 and 24 but the negative response to 
the cncle on its background was no doubt much more effective in 
the disci imination 

Combination 26 (Figure 3) was next presented This was a 
crucial control foi it would help to determine whether the monkeys 
could respond to shape or foim pet se The diamond which was 
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substituted foi the negative stimulus was vciy similar in shape to 
the tuangle, its high and low angles weie each 60 degiees Foi 10 
trials Goof’s accuiacv on this combination was 80% but when given 
4 trials- moie he made two incoricct choices His accuracy foi the 
14 tiials ivas thus 71%. Bones, Squeak, and Sis all broke clown, 
their accuiacies being 60% foi 10 tiials. However, Goof, Bones, 
and Squeak were repeated on this control, these lepctitions occuricd 
46, 43, and 42 days respectively after the hist presentation (In the 
meantime the animals wcie continuing with othei controls ) At 
this time Goof and Bones each made an accuiacy of 100% for 10 
trials while Squeak’s pciccntage was 80 foi 10 trials These con- 
tiols indicate positively that at the time the animals wcie fiist pre¬ 
sented with this control they could not disciimrnate on a basis of 
form per se They were no doubt responding to shape, L.e., to the 
retinal distribution of light The distribution of light fiom the tii- 
angle is very sunilai to that of the uppei half of the diamond, theie- 
forc the positive response to the noimal positive stimulus (the 
triangle) must no doubt have been on a basis of shape. On the 
second presentation of contiol 26, Goof and Bones may have dis¬ 
criminated on a basis of foim pet se, but no such statement can be 
made for the triangle was not inverted in this contiol, changing the 
shape of the triangle is essential to test a response to form per se 

Next the animals were presented with combination 27 The fact 
that Goof and Bones bioke down on this control cannot be ac¬ 
counted for unless it is assumed that the retinal distribution of the 
light of the hexagon was very similai to that of the cncle How- 
evei, Goof, Bones, and Squeak weie retested on tins contiol 41, 38, 
and 34 days (respectively) later This time Goof’s accuracy was 
100%, Bones’ was 90% and Squeak’s 100% for 10 trials each This 
was fuithcr evidence that the animals could definitely lespond nega¬ 
tively to the negative stimulus without the influence of the positive 
stimulus. 

The next control, combination 28 (Figure 3), was designed to 
test fuither the animals’ ability to lespond positively to the positive 
stimulus and to help deteiminc whcthci or not the animal was 
responding to alow honzontal distnbution of light from the tuangle 
Goof’s responses were 70% coirect for 10 tiials, but only 64% coi- 
rect for 14 trials Nine days later Goof was given 10 tiials moie. 
His accuiacy in this instance was only 60%. These lesults tend 
to show that Goof’s disciimination of the triangle in the noimal 
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situation may have been based on the low flat limizontal distribu¬ 
tion of light coriesponding to its base Bones showed that he could 
lespond definitely to the triangle and that his disci immat ion was 
based on some pari of the tiiangle other than its base. Squeak’s 
accuracy was 50% foi 10 tnals, while that of Sis was 60% Squeak 
was letestec! on this contiol 27 daj T s later but his accuiacy was still 
50% Squeak and Sis eithei could not icspond positively to the 
tuangle oi else theii onginal lesponse to the tiiangle was based on 
the low distiibution of light emitted by the base of the tiiangle, 
which in this case would furnish a basis foi discumination due to 
the fact that the distiibution of light fiom the icctangle is similar to 
that emitted by the base of the triangle. Combination 29 was pie- 
sented to dctcimine whctliei oi not the animals would lespond to 
white figuies as well as the black Goof and Bones each went into 
a position habit with an accuiacy of 50%, Squeak’s accuiacy was no 
bcttci than chance, while that of Sis dioppcd to 40% It was cleai 
that neithci of these stimuli was moic effective than the other. It 
may have been that the white foi ms weie reacted to as though they 
weie backgiounds They would thus not furnish a basis for dis¬ 
crimination 

One more nnpoitant contiol must he mentioned in this section. 
It will be icmcmbered that Goof, Bones, and Sis responded well 
within the cntcrion of masteiy to contiol 21, but Squeak’s lesponscs 
foi 30 trials weie no bettei than chance. Fuitheimore, none of the 
animals was able to lespond coirectly to combination 26 the first 
tune it was piesented The second time this contiol was piescnted, 
Goof and Bones both lesponded conectlv, while Squeak’s percentage 
was at 80 These results tend to show that Goof and Bones, at any 
late, might have been able to lespond to the form per se of the tri¬ 
angle. Thciefoie, 30 and 31 da\s lespectivcly aftci being tested on 
combination 26 the second time, Goof and Bones were tested on 
combination 30 It was thought that this was a sufficient delay in 
case the animals had become conditioned to lespond negatively to the 
diamond the second time it had been presented This combination 
was the only adequate means by which a lesponse to shape or form 
pet se could be tested, foi inveiting the tuangle alfccis the distribu¬ 
tion of light emitted by the tuangle, so if the animals lesponded 
coirectly the only basis of the discumination would be one of form 
pei sc In combination 21 the tiiangle was inverted, but this con¬ 
trol had been piesented at least 70 da) r s previously so it was very 
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improbable that anv effect from the invasion of the triangle would 
be ictained On contiol 30, then, Goof lespondcd conectly 9 times 
out of 10 trials, while Bones' responses were only 40% correct for 
10 trials The fact that Goof responded coirectly to control 26 
on its second presentation firmly substantiates the statement that 
Goof’s response to combination 30 was on a basis of triangularity or 
form per se Bones' lesults on combination 30 showed that his re¬ 
sponses wcie not on a basis of tnangulaiity but were based on shape 
Goof thus demonstrated his ability to discummate foim in its abstract 
sense, while Bones was unable to attain such a high level of dis¬ 
crimination 

Sumvuii y 

a The rcsuLts for Goof and Bones are more definite than those 
foi Squeak and Sis Sis was not letested on any of these controls 
due to the fact that parturition occuried just bcfoie starting the repe¬ 
titions Goof has shown in four cases (combinations 21, 23, 26, 
and 30, Figure 3) that he could icspond positively to the positive 
stimulus (the triangle and background) without the influence of the 
original negative stimulus (circle and its background). He has also 
shown (controls 22, 24, and 27) that he could respond negatively 
to the negative stimulus alone. Bones has shown that he could re¬ 
spond in the same manner. His responses to the positive stimu¬ 
lus have been conclusive on combinations 21, 23, 26, and 28, 
and to the negative stimulus his responses have been conclusive 
on combinations 22, 24, and 27 Squeak's results are not so con¬ 
clusive On combination 23, however, he showed definitely that 
he could respond to the positive stimulus alone and on combinations 
22, 24, and 27 that he could icspond negatively to the negative 
stimulus without the influence of the original positive stimulus. Sis, 
in only one instance, has shown that she could respond positively 
to the positive stimulus alone, but on combinations, 22, 24, and 27 
she has shown without doubt that she could respond to the negative 
stimulus without the influence of the original positive stimulus Thus 
Goof and Bones have shown that they could respond as well positively 
as negatively, and that the relation of the positive to the negative 
stimulus was not necessary for correct discrimination Squeak and 
Sis have shown that they, too, could respond positively or negatively. 
Their responses to the positive stimulus, however, wcic not as well 
conditioned as were those of Goof and Bones, but their negative re- 
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sponses weie just as effective as those of the other two animals. The 
fact that the negative response was so well conditioned is not unex¬ 
pected, for the punishment connected with an incorrect response in 
the training penod was such as to condition the animal negatively 
to the negative stimulus before conditioning him positively to the 
positive stimulus 

b. The evidence accumulated by Goof’s results on combinations 
21, 26, and 30 shows conclusively that he was able to respond to tri- 
angulanty or foim per $e Bones appioached this high level of dis¬ 
ci lmination as shown by lus results on combinations 21 and 26, but 
in a crucial test (combination 30) he was unable to demonstrate his 
ability to respond to triangularity. In none of the combinations did 
Squeak demonstiatc his ability to lesponcl to foim pci sc, while Sis 
gave evidence of such ability only in combination 21 This bit of 
evidence is too inconclusive. If Squeak and Sis had been able to 
respond more positively to the positive stimulus then lesponscs on 
combinations 26 and 30 might have shown some evidence of a re¬ 
sponse to triangularity But since then reactions seemed to be largely 
based on lespondmg negatively to the negative stimulus, they could 
not be adequately tested foi lesponse to triangularity 

4 Results for Dec?easing Aiea of Stimuli After each animal 
had been picscntcd with combination 29 (Figuie 3) for the first 
time he was started on a senes of contiols testing his discriminative 
ability when the areas of the blade triangle and the black circle were 
leduccd. The background areas weie not altcied in any way The 
stimuli for Goof and Bones were first ieduced from then noimal 
areas (15 588 square inches) to those used for Squeak and Sis (6.928 
square inches). After this reduction, the aicas for each animal were 
reduced by one-half on each day until a point was reached at which 
the animal’s discrimination broke down. When this occuriecl the 
animal was again tested for tluee days with the aicas which were 
twice the size of those on which he had bioken down This was 
done to be sure that he could lespond correctly (within the criterion 
of mastery) to these former areas The animals always lesponded 
coirectly in these situations Then the animal was letested with 
the aieas on which his discrimination had last bioken down If he 
again broke down, the controls reducing the areas were discontinued 
The crude thicshold for form and area was taken as the last (least) 
aiea involved when the animals could discriminate the tiianglc from 
the circle 
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Refeience to Table 4 will bhow that Goof broke down on control 
36 when the aieas weic each 0*2165 square inches Then, after ic- 
speeding conectly for 3 days on control 35 (0 433 square inches), 
he responded conectly on the areas of control 36. His discrimination 
next broke down at an aica value of 0 0541 squaie inches He was 
successfully retested foi 3 days on aieas of 0.1083 squaie inches, 
but he was unable to discriminate successfully the aieas of 0 0541 
square inches Goofs "thieshold value” in this etude estimation, 
was thus taken as 0.1083 squaie inches for the tiiangle and the same 
area for the cnclc Whetliei oi not the monkey was responding 
positively to the positive stimulus oi negatively to the negative stimu¬ 
lus was not ascertained at thas time 

Bones broke down on contiol 33 with areas of 1.732 squaie inches 
but aftei responding correctly foi three days on arcab of 3 464 square 
inches he continued and did not bieak down again till the areas were 
lcduced to 0 1083 square inches. Out of 10 trials he lesponded cor¬ 
rectly 8 times. However, he was given 18 trials and since his last 
14 were conect he was given a further reduction the following day. 
He bioke down on these areas with an accuracy of 40% for 10 
trials On lepeating this contiol after responding conectly foi 3 
davs to the next laiger stimuli he made an accmacy of 50% Bones' 
*'threshold value” then was considered to be 0 1083 squaie inches. 
This was the same as Goof’s, 

Squeak broke down with an accuiacy of 80% on contiol 33 with 
areas of 1 732 squaie inches It was thought that he could success¬ 
fully disci im in ate smallei areas so the next day he was tested on 
further leduced aieas His accuracy was 70% for 10 trials He 
lesponded conectly foi 4 days on the areas of contiol 32 but, when 
retested on contiol 33, lie again bioke down, this time with an accu- 
ucy of 60% Squeak’s "threshold value” was thus taken as 3 464 
square inches foi each stimulus 

In the same manner Sis was tested till she broke down twice on 
the same contioL Hei "threshold value” as shown by Table 4 was 
0216S square inches for each stimulus. These ciudc thresholds 
were 0.1083 square inches foi Goof and Bones, 0 2165 for Sis, and 
3.464 for Squeak. 

All that can be shown by these lcsults is that the animals iveie 
able to make detailed discriminations A great deal cannot be said 
definitely concerning the monkey's visual acuity from these results 



TABLE 4- 

Results of Controls Which Decreased the Are\s of the Triangle and Circle* 
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FIGURE 4- 

CONTROLS FOR RESPONSE TO PARTS OF TRIANGLE 


because it was impossible to determine the distance from the stimuli 
at which the animals made their discriminations. The method of 
obtaining the threshold values was, of course, crude and the values 
are not highly comparable. Goof, Bones, and Sis discriminated much 
smaller areas than Squeak This may mean only that Squeak made 
his discriminations at a greater distance from the stimuli than the 
others. Goof’s discriminations were made directly m front of and 
close to the stimuli He passed his head back and forth, his eyes at 
the level of the stimulus “as though carefully scrutinizing the stimuli 
in an effort to discriminate. M Squeak’s responses were rapid; he 
always rushed across the discrimination box and never hesitated in 
front of the door. His discriminations were probably made at quite 
a distance from the stimuli doors, which accounts for the fact that 
he could not discriminate accurately when the areas were reduced 
below 3,46+ square inches. 
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case It could be used as a negative stimulus ) He responded to this 
contiol with an accuiacy of 100% foi 10 tiials which showed that 
lie could definitely respond positively to the outline of the triangle. 
Control 41 substituted a black cross foi the positive stimulus and 
used the outline of the cuclc for the negative stimulus The cross 
had been used as a negative stimulus in contiol 21 (58 days pnoi to 
its present use) so it was thought that it could seive adequately as 
a positive stimulus in this control. Goof responded negatively 10 
trials in succession with an accuracy of zero Tlieic aie two plausi¬ 
ble explanations foi such a response; citliei he had been conditioned 
to lespond negatively to tile cross to such an extent that he was still 
responding m such a manner oi else he was responding positively 
as in contiol 25 (Figure 3) to a greater expanse of white back¬ 
ground. It was definitely shown, howevei, that he did not respond 
negatively to the black outline of the ciiclc And it could readily 
have been that in control 39 the response was only positive to the 
outline of the triangle without the black outline of the cncle being 
effective ill any way in the disciimination. 

Control 42 presented the noimal tiiangle as a positive stimulus 
with a negative stimulus winch consisted of two lateial sides of the 
triangular outline. Each side was 6 inches long by ^4 inch wide 
Naturally, as in controls 40 and 41, there was an outstanding diilei- 
ence in area between the positive and negative stimulus. (The dif¬ 
ference in contiol 39 was not so gieat ) Goof’s accuracy here was 
100%. That is, lie icsponded positively in all 10 trials to the 
whole triangle The explanation of the response seems evident. 
The sides of the triangular outline did not contain a sufficient num¬ 
ber of identical elements (identical with the whole tnangie) to 
cause the response to bicak down It does not seem possible that 
the animal lesponded positively to the gieater aiea alone of the 
whole ttiangle else he would have responded positively to the black 
cross in control 41. 

Control 43 substituted an apex and a flat honzontal base, corre¬ 
sponding exactly to the dimensions and position of the regular noimal 
triangle, for the negative stimulus The animal’s responses were 
100% correct The explanation for the behavior is the same as 
that foi control 42 The negative stimulus consisting of apex and 
base did not contain a sufficient numbei of identical elements to 
cause the discrimination to break down. 
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In control 44 the two lateral sides of the triangle wcie used as a 
positive stimulus while a five-pomt star was used as the negative 
stimulus The area of the stai was appioximately 5.53 square inches 
while the area of the black sides was 4 313 square inches. Goofs 
accuiacy was 100% for 10 tiials. This control definitely showed 
that the animal could lespond positively to the sides of the triangle 
Control 45 used the apex and base of the triangle for a positive 
stimulus and foui vertical black stripes as the negative stimulus 
The stupes weie each Y- inch wide by 5 inches long and were placed 
1*4 inches apart. Their combined area was 15 square inches, 
while the combined <uea of the apex and base was 5,438 square inches 
(The tnangular apex section was 1 inch high with a 1/4-inch base, 
while the base section was 1 inch wide with a lower side length of 
6 inches ) Goofs response was only 60% correct He responded 
positively on the fust five and on the ninth tnals These lcsults 
showed quite conclusively that Goof's discrimination in this instance 
was not based on any of the elements contained in the apex oi base 
of the tnanglc They also show that he had obviously not been re¬ 
sponding (entirely at least) to an aiea relation, i.c., positively to a 
laigei area. 

Contiol 46 used the two Iateial sides ot tiie tnanglc but of such 
a length that they did not form an apex The lines weie each }4 
inch wide by 4% inches long. The negative stimulus consisted of 
5 horizontal black stripes each /4 inch wide by 3/4 inches long 
The stripes were Y inch apart. Goof's responses were 90% cor¬ 
rect for 10 tiials. This was an indication that in these situations 
Goof was responding to the elements contained in the sloping sides 
of the triangle rather than to those elements contained in the apex 
or base of the triangle. In the next control (47) only one of the 
sloping sides (width /4 inch and length 4/4 inches) was used as a 
positive stimulus The vertical stupes of control 45 were the nega¬ 
tive stimulus. Since the animal's accuiacy for control 45 was only 
60% lie could not have become conditioned eithei positively oi nega¬ 
tively to the veitical lines so they could still be used as a neutral 
negative stimulus Goof responded to the single sloping line for all 10 
tiials This was further proof that he was responding in these situa¬ 
tions to a sloping side or section of the tuangle and indicated that, 
when so rcquficd, the animal could respond to a very small part of 
the total disti lbution of light. In this case the disci inclination was 
no doubt on a basis of shape, i e , the retinal distribution of light. 
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Control 48 used the normal triangle for the positive stimulus and 
thiee small triangles, each 1 inch in altitude, COircsponding to the 
three points of the noimal equilateral triangle The animal re¬ 
sponded positively in all 10 tmls. This control was used in an 
eftoit to determine whether oi not the anunal was responding largely 
on a basis of the elements composing the points of the triangle. Con¬ 
trol 49 substituted the single sloping side of contiol 47 for the nega¬ 
tive stimulus with the iesult that the animal's responses weie 90% 
coirect for 10 timls. He responded to the single sloping side only 
once. This contiol tended to show that, although the animal would 
respond to the sloping side of the triangle when presented along 
with some new, neutral negative stimulus, it would not do so 
when the sloping side is presented with the whole normal triangle. 

Controls 50 and 51, which weie lesponded to with accuracies of 
50% and 40% respectively, indicated more conclusively that the 
animals lcsponsc in these abstract situations was not on a basis 
of either the apex of the triangle, or the base, nor on a combination 
of the elements composing them 

Summaiy 

a. Controls 39, 40 3 and 41 show that one animal, Goof, could 
respond positively to an outline of the normal triangle and that he 
probably could not respond negatively to an outline of the circle 
This latter point, however, was not thoroughly tested 

b> Controls 43, 45, 50, and 51 show that m these situations, 
although the animal can no doubt lespond to a deferential distribu¬ 
tion of light, he was not lesponding on a basis of the elements pic- 
sen ted by the apex oi the base of the triangle or by a combination 
of the two Control 48 shows, fuithcimore, that he was not ic- 
sponding to the three points of the tiiangle, 

c. Controls 44, 46, and 47 show that the animal could disci im- 
inate on a basis of the lateral sides or only one side of the tiungle 
d Contiols 42 and 49 show that the animal always lesponded 
to the entire triangle rather than to a given “abstract” portion such 
as the sides This indicates that, although the animal, when so 
required, can respond to the sides of the twangle or the shape aspect, 
he responds more teadily on a basis of tiiangulantv (foim pci se) 
oi to the entire tiiangle, when piesented with the triangle as a posi¬ 
tive stimulus and the sides or side as. a negative stimulus. 
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Conclusions 

1. The four monkeys used in this experiment learned to discrim¬ 
inate between a black equilateral tuangle, appealing ui the center 
of a white square background, and a circle of the same area and 
brightness which also appealed in the center of a white square back¬ 
ground These discriminations were learned in 140 to 620 trials 

2 The backgrounds of the patterns were an essential part of the 
stimulating situation for three of the four animals in the fiist back¬ 
ground control (combination 2, Figure 2) The backgrounds were 
essential in the second background control (combination 3, Figure 
2) foi only two of these three animals Aftei these first two con¬ 
trols, however, these three animals iveie not influenced in any taay 
whatever by alterations of the backgrounds, or by changes in the 
positions of the forms appealing on the background These three 
animals were apparently leacting at first to the form plus the back¬ 
ground, although the relation of the two to form an adequate stimu¬ 
lus was so weak that subsequent controls caused the backgiound 
factor to drop out as an essential stimulating element. The back¬ 
ground was not an essential part of the stimulating situation in the 
discriminations of the fouith animal The evidence indicates there¬ 
fore that the animals were able to respond to a pait of the total 
configuration piesented. After the first two controls the animals 
weic nevei again dependent on the background in then discrimina¬ 
tions Hunter’s hypothesis is supported only by the results of the 
first two background controls. 

3 By substituting various foims foi those of the positive or 
negative stimulus it was found that all of the animals responded neg¬ 
atively to the negative form when the positive form was changed 
(three different controls) and that two of the animals responded 
positively to the positive foim when the negative one was changed 
(four different contiols) The other two animals responded posi¬ 
tively m only one of these fom latter contiols Theiefore it was 
possible foi the animals to discuminate coirectly on the basis of one 
stimulus alone, cither the positive oi the negative This type of re¬ 
sponse has been observed only once (Munn and Sticmng working 
with the child) pi 101 to this investigation Because of these results 
and because of the leadincss of all the animals to disregaid the back¬ 
ground factors of the stimuli, it seems evident that Gestalt charac¬ 
teristics of the stimuli are iclatively ummpouant dctenninants of 
behavior when tested under the present conditions 
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4, One of the animals, Goof, demonstrated that he could re¬ 
spond to triangularity 01 foim per se . The other thiee animals were 
unable to demonstrate such an ability. Their discummations were 
on a basis of shape or the retinal distribution of light 

Washburn (10) maintains that a lesponsc to fotm pci se is due 
to the piesence of “an abstiact idea of triangularity,” The conten¬ 
tion of the piesent wntei is that such a response may be evidence of 
the existence of a symbolic process controlling the i cacti on to tn- 
angulanty oi three-sidedness, without which a response to foim 
pei se would be impossible. But since the initial stimulus (tuangu- 
larity or foim per se) is extcinal and always initiates the overt re¬ 
sponse, an explanation of the behavioi is possible without postulating 
the functioning of a symbolic process I should theiefore agree with 
the statement of Munn and Stienmg that all that can be meant by 
a i espouse to form pei se "i& that form is responded to legardless 
of its position in space and the backgiound upon which it appears” 

(8, p 88). 

5. Two of the animals were able to discriminate between an 
equilatcial triangle and a circle of the same brightness both appear¬ 
ing on separate white square backgrounds when the areas of the 
forms were as small as 0.1083 square inches Another animal could 
discriminate with areas of 0,2165 square inches, while the fouith 
animal discriminated with areas only as small as 3.464 square inches 
Furthei evidence of the monkeys’ ability to discriminate detailed 
visual pattern is shown by the responses of one amnial irt discriminat¬ 
ing patterns which involved a small poition (one lateral side) of the 
triangle 

6 The above experimental conclusions substantiate the prevailing 
morphological evidence that the Macacus rhesus monkey has a highly 
developed and efficient optical mechanism 
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LA DISCRIMINATION VISUELLE DES FORMES CHEZ LE MACAQUE 

RHESUS 

(Resume) 

On a appns A quatre singes de discrtminer entre un triangle £quilat&re 
noir (le stimulus positif) et un cercle noir dc la meme aire ct dc la memc 
clarte, tous deux places nu centre de fonds blanc carres Quand les animaux 
ont appris h discriminer avee une precision de 90 h 100^, on a employ^ 
divers controle9 qm ont change la forme dcs fonds Les fonds ont ete essen- 
tiels pour trois dcs animaux dans leuia premiers controles, mais non apr6s 
Ils n'ont jamais et£ essentlcls pour le quatnSme animal Des contrfiles qui 
ont substitn6 dcs figures nouvelles h une fois au stimulus positif et A une 
autre fois des figures nouvelles au stimulus negatif ont montre que tous 
deux des stimuli normaux de I’cntrainement ont et6 actifs dans le controle 
du comportement puiaquc lea animaux ont rdagi n^gativement au stimulus 
negatif ct positivement an stimulus positif Quand on a renverse le tuangle 
ct qu'on a employ^ un diamant comrae stimulus negatif, seulement un animal 
a su discriminer corrcctcment Cette rdponse a etc sur une base de tuangu- 
larite oil dc foune per se, tandis que cclle des autres animaux a ^t6 bas£e 
sur la forme du triangle Les controles ont montrd que trois des animaux 
ont su discriminer entre le tuangle et le cercle quand les aircs des deux 
stimuli ont 6t6 reduites A 0,1083 polices carres pour deux animaux et A 
0,2165 ponces caries pour Fautre D'autres controles donnes h un animal ont 
montre qu’un cot6 lateral dtroit du triangle a pu etre discrimin6 de divers 
stimuli negatifs avec lesquels 1 J animal n’avait pas ete entrain^ Le9 resultatg 
indiqucnt que les caractdristiqucs Gestalt dcs stimuli sont des determinants 
relativement peu important^ du comportement quand on les teste dans ces 
conditions-ci 
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DIE UNTERSCHEIDUNG VISUELLER GESTALTEN BEI MACACUS 
RHESUS AFFEN 
(Referat) 

Ea wurden vier Maulaffen dnzu dressiert, zwischen etnem schwarzcn, 
gleichscitigen Dreieck (dern positiven Reiz) und einem schwarzen Zirkel 
von der aelben Grosse und Helligkeit zu untcrscheidcru Beide Reize ho.tten 
viereckige, weisse Hintergrunde in deren Mitte sie ala Vordergmnd lagen 
Hatten die Tiere gelernt, mit ciner Genamgkeit. von 90 bis 100% zu untei- 
scheiden, ao wurden verscheidene Kon troll cxpcrimente auagcfuhrt, in denen 
die Form der Hintergrunde geandcrt vrurde Bei drei dcr Tiere erwiesen 
aich in den anfanglichen Kontrollversuclien die msprungliclten Hintergrunde 
als zur nchtigen Unterscheidling notwendig In den spateren KontrolWer- 
suclien fan diesen drei Tieien war dies nicht der Fall, und bei dem vierten 
Tier war es me der Fall Kontrollversuclie in denen ncue Gestaltcn das 
einmal den positiven und ein andermal den negativen Reiz ersetzten haben 
erwiesen, dasa die normnlen, in der Dressierung verwendeten Reize beide 
in der Regulicrung des Verhaltens wirksam waren, dn die Tiere auf den 
negatives Reiz negativ und auf den positiven Reiz positiv rengierten Wcn- 
dete man den Dreieck urn, und gebrauchte man eincn Rhombus [diamond] 
als negativen Reiz, so war Moss ein cinziges Tiei ini Stande, richtig zu 
untersclieidcn Die Reaktion dieses Tieres fand auf Basis dei Drcieckrgkeit 
oiler der Form per se stntt, wahrend die Renktion der anderen Tiere auf 
Basis der Form des Dreiecks stattfand Kontrollvcrsuche haben erwiesen, 
dass drei der Tiere auch dann lm Stand waren, zwischen Dreieck und 
Zirkel zu unterscheidcn, wenn der Flachemnhalt der zwci Reize fur zwei 
Tiere bis auf 0 1083 und bei dem anderen bis auf 0 21o5 sq inches ver- 
inindert worden war Weitere Komrollversuche die an emem Tier ausge- 
fuhrt wurden haben erwiesen, dass eine schmale Seite des Dreiecks von 
verscluedenen negativen Reizen, rmt denen das Tier nicht dressiert worden 
war p untcrschiedcn werden konnte Die Befunde weisen darauf hin, dass 
Gestnlteigenschaften der Reize relativ unbedeutend als Einwirkungcn auf 
das Verhalten [behavior] sind, wenn man letzteres unter den Bedingungen 
der gegenwartigen Unterauchung pruft 
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A STUDY OF THE PERSONALITY ADJUSTMENTS OF 
ONLY AND INTERMEDIATE CHILDREN* 

From the Depattment of Psychology of the University of Oregon 


Albert A Campbell 


Theoiy has traditionally held that the child raised without broth¬ 
ers or sisters is especially piedisposcd to the development of per¬ 
sonality difficulties and unsatisfactory social adjustments Research 
has, in geneial, not borne out this position, although some studies 
indicate that it is perhaps not entirely without foundation, 1 
This research has, however, been characterised by two important 
weaknesses. In the fiist place, the expelimental studies have been 
inclined to ignore the differences which surely existed in the intel¬ 
lectual and economic backgrounds of their subjects* homes. The 
presence of these differences lias been pointed out by Guilford and 
Woiccster (8) and Thurstone and Jenkins (11), and their impor¬ 
tance is discussed by Hsiao (9) as follows "The social and economic 
status of the family is undoubtedly an impoitant factoi in determin¬ 
ing some of the tiaits of the children. It is easily conceivable that 
if the matenal is heterogeneous in its social composition, it is likely 
to create spurious differences among birth ordeis if averages are 
taken without controlling the social and economic status of the fam¬ 
ily.” Inasmuch as the previous studies almost without exception 
rcpoit significant differences in the average intelligence ratings of 
the groups they were compaung, and since we know children’s and 
parents’ intelligence to be significantly lelatcd, the possibility of 
error in the conclusions reached by these researches is considerable. 

A second weakness of these lecent studies has been in the fact 
that they nearly all deal with children of less than high-school age. 
It is true, of couise, that vaiious authors have suggested that the 
only child, as the result of Ins unusual environment, is apt to expe¬ 
rience particular difficulty in severing home tics and standing on 

^Accepted for publication by Edmund S Conklin of Lhe Editorial Board 
and received in the Editorial Office, Novembci 15, 1932 
lr The wliter has piepaied a review of this literature foi publication else¬ 
where (5) 
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his own feet, an oidcal which would conceivably bung to light 
definite personality difficulties But why should these peculiarities 
be expected to appear in kindergarten and grammar-school children 
who hav-e hardly taken the first step toward independence of parental 
supervision? Not only is their environment comparatively free of 
trying circumstances but also their reaction tendencies arc still in 
a formative state and not nearly as well differentrated as they will 
become later It seems evident that if family position has any influ¬ 
ence upon peisonality adjustment this influence will be best observed 
at an age more matutc than kindergarten level. 

Two studies have been done on higher age levels, one at Colgate 
University by Stuart (10) and the other at the University of Ohio 
by Fenton (7). Neither of these reseaiches revealed any significant 
effect of birth order on peisonality. However, in the foimer case 
no consideration was given the lelative intelligence of the subjects 
tested and in the latter study the groups compared were shown defi¬ 
nitely to be not comparable on the basis of this variable Appiccia- 
ble and consistent diffeicnees in the social-economic backgrounds of 
the subjects might well be expected 

The possibility of sex differences in the reaction to the family 
situation has been largely neglected 

Procedure 

In this study the influence of the circumstances attendant to being 
raised with or without siblings was investigated by a compaiative 
study of two groups of students at the Univeisity of Oregon. One 
group was composed of students who had been raised as only chil¬ 
dren, then adjustments being m no way affected by the presence of 
brothers or sisters The experimental group was comprised of a 
like number of students, comparable in many wavs, but who had 
been exposed to continual fraternal or soroial relationships, stu¬ 
dents who had been brought up as intermediate children with at 
least one older and one younger sibling, who had nevei been the 
oldest child in the family and in most cases were the youngest for 
only a few years None of the subjects was living at home at the 
time of the experiment. 

Two hundred students, 100 men and 100 women, all undci- 
graduates, acted as subjects Half of this number, 50 of each sex, 
were only children. They represented all four college classes and 
as neaily as possible a normal cross-section of the campus population 
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None of this control gioup had been brought up 'with other childtcn, 
either related or otherwise The experimental group of 100 stu¬ 
dents raised as intermediate childien was paired with the group of 
only children foi intelligence, sex, and school year. The intelligence 
painng was done both on the basis of the student’s score on the 
American Council on Education intelligence examination given at 
entrance to the univeisity and on his high-school scholastic record 
The pairing correlations (computed from a composite of these two 
scores rather than from each individually) were r — 97 for the men 
and 7 = 93 for the women There were no disci epancies in the 
pauing for sex and school year 

The pauing for intelligence was done for two icasom Fust, by 
carefully contioiling the intelligence variable of the subjects some 
of the varying socio-economic status of their families could be elim¬ 
inated since socio-economic status varies with intellectual ability of 
parents, which, in turn, vanes diiectly with the intelligence of then 
childien. This control was obviously not vciy exact. An effort 
was made to contiol this variable more accurately hut it proved 
impractical with the facilities which were available Secondly, the 
intelligence factor was controlled to make feasible a valid comparison 
of the college scholastic recoids of the two gioups The fallacy of 
comparing the grade recoids of students not paired for intelligence 
is obvious 

The painng for college class was done in light of the possible 
influence of the college environment on personality adjustments and 
the likelihood of finding distinct differences between freshmen and 
seniors The pairing for sex was done as an added conti ol 

Data falling into three distinct categories were obtained. First 
and most important were the data concerning the personality traits 
on which only and intermediate children would supposedly diffei 
These data were gamed through the use of the Bemrcuter Person¬ 
ality Inventory (2), designed to give latmgs for ncmoticism, self- 
sufficiency, mtioversion-cxtravcrsion, and dominance-submission, and 
Hulsey Cason’s Annoyance Test (6), giving a scoie for geneial 
irritability In addition to this, information was gathered as to the 
comparative college scholastic records of the two groups, compiled 
from the Univeisity records The third class of data consisted of 
physical ratings of the subjects, obtained from the University health 
service 
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Results 

A comparison of the mean scores of the paned groups of subjects, 
both men and women, on the five personality ratings and a con¬ 
sideration of their respective college scholastic lecords were made 
(cf Tabic 1) The striking feature presented by this tabic is the 
close similarity of the means of the two groups of men as compared 
to the rather significant dispanties in the mean scores of the women 
The greatest diffciencc in the mean scores of the only and inter¬ 
mediate men was not quite one half the sigma of that difference while, 
on the other hand, in the women’s mean scores differences appeared 
ranging up to more than one and a half times the sigma of the 
difference 

From this table it will be noted that on ratings of neuroticism, 
self-sufficiency, dominance, and nritability, the male students raised 
without brothers 01 sisteis made slightly higher scores than did the 
students raised as intermediate children. They made pi actually the 
same average on an introversion-extraversion scale, and the inter¬ 
mediate child group achieved a slightly better giade point average 
Women raised as only children made significantly higher scores 
than did intermediate women on scales measuring neuroticism and 
introversion, and made definitely lower scores on ratings of self- 
sufficiency and dominance They made a slightly higher mean score 
on a test of mliability than did the paired group, and a practically 
identical grade point average 

In Table 2 are presented the variations of the scores of the four 
groups tested In all four parts of the Bernreuter Inventory the sig¬ 
mas of the scores of the students, both men and women, raised as 
only children were widei than those of the intermediate children, 
the chances of these differences in sigmas being due to mere chance 
ranging from 58 to 42 down to 96 to 4 These differences in 
sigmas were a little more prominent among the men. The men 
raised as only children were consistently more variable in their 
scores on the Bernreuter scale, the diffetence over the sigma of 
the difference ranging from 1 22 to 711. They also seemed to 
make slightly more variable scores on the Cason test but their giade 
point averages were less scattered than those of the intermediate 
group. The women raised as only children had a much widei sigma 
than the intermediate gioup in their scores on the dominance rating, 
were somewhat more variable on the neuroticism and self-sufficiency 
scales and a little more variable in the introversion rating, On the 
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Annoyance Test the two groups were practically the same, but the 
only women weie lather moie consistent in their giade pomt aver¬ 
ages than the intermediate women 

The scores of the four groups on the six vaiiables were separately 
jn ter con elated 2 to show any possible furtbei diffeiences. None of 
the groups was distinguished by any unusual relationships not pres¬ 
ent in the scoics of the otheis. 

A comparison of the physical ratings of the 200 subjects showed 
no differences of any magnitude to exist in the ratings of the students 
raised as only children and those raised with siblings. 

Discussion 

The evidence presented in the experimental findings of this re- 
scaich indicates that the family situation attendant to the piesencc 
or absence of brothers or sisters in a child’s early environment has 
a significant and lingering influence upon his personality adjustment. 
It is also inferable from the data that, in respect to the development 
of normal behavioi tendencies, it is somewhat more advantageous 
for a gill to be raised in a family with siblings than it is for a boy 
This same conclusion was reached recently by a German worker, 
Busemann (4), as the result of his extensive study of some 400 
childicn ranging in age fiom 10 to 17 years. He likewise found 
definite discrepancies in the peisonality traits of only boys and only 
gills and concluded that the “Geschwistcrschaft” is more beneficial 
to the gill than the boy 

It is conceivable that the tendency of both only-child gioups 
to seek the extremes of the peisonality ratings, which has also been 
noted by Blonski (3) and Bender (1), is due to an inability of the 
parents of an only child to refrain from ovci-indulging or over- 
pi otecting then offspring. They do not learn, as do more experienced 
parents, to strike a middle course in the raising of their child. 

While this tendency toward an unbalanced training probably 
appears just as consistently in the case of boys as of gills, its influence 
is apparently somewhat less effective in the case of the foimei 
Boys aie traditionally allowed more freedom than therr sistcis, and 
aie exposed to a much widci langc of extra-parental influences 
Parents are frequently inclined to allow a rather free lein to their 

a The complete data obtained in tlua study are available in the library 
of the University of Oregon 
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sons and it is possible that this leniency should be even more pro¬ 
nounced m the case of an only son. It is noteworthy that the great¬ 
est differences appearing between mean scenes of the only and 
intermediate men students tested in this study weie the somewhat 
lughcr scores made by the foimcr on the dominance and self-suffi¬ 
ciency ratings. 

Such a situation is not the case among the daughters of the 
house They are diligently protected fiom girlhood on. Again 
it would not be suipusing if the parents of an only daughter were 
unusually zealous in coddling and protecting their child It is inter¬ 
esting tliat the women raised as only children who acted as subjects 
m this experiment made higher mean scales on the neuroticism and 
introversion scales and lower mean scores on dominance and self- 
sufficiency ratings than did the paired group who hud been laised 
with biothers and sisters. 

Prom the mtercorrelations of the four divisions of the Bernreutei 
Inventory it is evident that this test does not give as broad an indi¬ 
cation of personality as one might be led to believe, In the 200 tests 
given in this study the neurotic scale con elated with the introversion 
scale r = 96i 004, while the conelation of the neurotic scale with 
the dominance rating was r = —84=h 014 The huge common 
element present in the variables measured by these three tests makes 
it scarcely woith while to use more than one of the ratings. 

Summary 

A study has been done to determine the effect of certain family 
relationships upon personality development and some other measuies 
Two hundred college students acted as subjcctSj 100 of each sex 
The subjects weic paned for familv position t intelligence test score, 
college class, and sex. It has been found that’ 

1, Only cluldicn appear to be somewhat predisposed bv then 
early environment to the development of unusual personality traits 
The boj's raised as only children made higher scoies on tests of 
neuroticism, self-sufficiency, and dominance than did the boys raised 
as intermediate children. The girls raised as only children made 
higher scores than did guls raised with biothcis nnd sisteis on 
latings of neuroticism and intioveisiori and lower scoies on tests 
of dominance and self-sufficiency Both only-child groups made 
significantly moie variable scores than did the gioup with which they 
were paired* 
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2. This tendency toward unusual personality adjustments is more 
pronounced m women than in men. 

3 No differentiation may be drawn between only and interme¬ 
diate childicn in legaid to either physique or scholaiship 
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LES AJUSTEMENTS DE PERSONNALIT6 CHEZ LES ENFANTS 
UNIQUES ET LES ENFANTS INTERMEDIATES 
(Resum6) 

Lea ajustements de personnnlite che* cent enfants uniques et le meinc 
nombre d’enfants eleves avec au moms un frerc alne ou une soeur nin£e 
un freie plus jeune ou unc soeur plus jcune ont et6 mesures par l’lnventaiie 
de Pcrsonnaiite de Bcrmeutci et le lest d’Ennm de Hulsey Cason Lea 
deux cents sujets ont tons etc dcs etiuliants univcrsitancs, dont cent de 
chaque sexe, et les groupes des enfants uniques et dcs enfants intcimedianes 
ont 6t6 mis en panes sur la base du icsultat du test dhntelhgence, du sexe, 
ct tie I’annec uuivcisitaire 

On .1 tiouve que les cnconstances qui se presentent quand on cst elcv& 
sans freics m soeuis predisposent un peu en enfant au d6veloppement de 
quclques ajustements de pcisonnahtc peu communs Cette influence est 
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plus- marquee chez les fillcs que ehez lea gargons On n’a trouvA aucune 
base pour une generalisation A l^gard d'une inf£nont£ physique ou scolaire 
chcz I’enfant unique 

Campbell 


PERSGNUCUKEITSANPASSIJNGEN “EINZIGER" UND ZWISCHEN- 

KINDER 

(Referat) 

Dae Pcrsonlichkeitsanpassungen [personality adjustments] von 100 ein- 
zigen [only] Kindctn, und von -emer gleiclien Anzahl von Kindern die mit 
wcnjgstcrns eincm nltercn und eincm jungcrcn Gcsclmistei kind (Cruder 
odci Sclmeater) giossgezogen worden waien, wurden mit dem Beinrcuter’- 
schen Personhchkeitsinvcntanum [Bernreuter Personality Inventory] und 
dem Belnstigungstest von Hulsey Cason [Hulsey Cason's Annoyance Test] 
gemessen Em hundert dci Venuchspersonen waren Studenten und die an- 
deren 100 Studentinnen Es wurdc immer ein einzigea Kind mit euiem Zwi- 
schenkind gepaait, in Bczug auf den an Intelligenzprufiingen erzielen Rang, 
nuf Geschlecht, und auf den Dauer des Studcntentums. 

Die Eefunde haben envicsen, dass die nn Erwachscn ohne Bruder oder 
Schwester mit einbegnfFencn Umstandc ein Kind cimgcrmassen dnzu gc- 
neigt maclicn, etwas ungewohnliche Personlichkeitaeigenschaften zu ent- 
wickeln Diese Eiiiwurkung ist bei Madchen ausgepragter, als bei Knabcn 
Man hat keine Basis entdeckt fur Veiallgemeinerungen uber physischc 
oder scholnstische Mindenvertigkeit bei einzigen Kindern 


Campbell 
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THE MEASUREMENT OF HANDEDNESS 
C* E Lautcrbach 

Various methods have been evolved for the measurement of handedness 
Among these are anatomical measurements, tests of eyedness, sti ength of 
gup, the shot-tube test, the steadiness test, the peg boaid, star tracing, 
and others But handedness cannot be satisfactorily measured by a single 
performance What 19 obviously needed is a cross-section of an individual’s 
manual activities 

This conclusion, after several yeais of experimentation, led to the 
development of the "Habit Scale for Handedness,’* which 19 given at the 
end of this article The scale contains SO items chosen to cover a wide 
held of activities for both children and adults Each activity is scored on 
the basis of 10 If it is habitually performed with the right hand, a 
Bcoie of 10 is entered for the right hand, if it is habitually performed 
with the left hand, a score of 10 is entered for the left hand If an 
activity is performed with equal efficiency with cither hand, each hand is 
scored 5. If an activity is performed with both hands, but slightly more 
efficiently with one than with the other, an estimated division of the score 
is made, as (6) (4), (7) (3), (2) (8), (4) (6) f etc The scores for 
each hand are then added and totaled. The score of the right hand is 
divided by the total score for both hands, yielding the percentage of right- 
handedness in the total performance Reference to the illustration of the 
scale will make the procedure clcai. 

The percentage of right-handedness as measured by the scale is multi¬ 
plied by 100 to eliminate the decimal point and the result is called the 
"Index of Handedness," A range of indexes from 0 to 100 is thus secured 
Wlieie left-handedness is absolutely dominant, the I.El will be 0, where 
right-handednes9 is absolutely dominant, the I H. will be 100 True 
ambidexterity will be indicated by an I H of 50 An IH, of 30 indicates 
left-handedness but not dominance, an I,H of 70 indicates right-handedness 
but not dominance, and so on. 

The scale was administered to 1061 individuals ranging in age from 
less than a year to 70 years and about equally divided as to sex First, 
approximately five hundred individuals were measured who said they were 
left-handed; then an approximately equal number were measmed who 
said they weic right-handed The distribution of indexes is shown in 
Table 1 Forty-five and one-tenth per cent of those measured proved to 
have indexes under 50, 54 9%, 50 or above, 

207 
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The “curve of handedness” seems to be U-shaped but is considerably 
skewed toiyaid right-handedness (see Figure 1) The mode for the right- 
handed group is in the last interval, 95-100 For the left-handed group one 
would expect the inode to fall in the first interval, 0-1* The fact is that 



O- 10. £0- 30- 40- 60- 60- 70- [) 0 - 90- 
4 14 £4 34 44 64 64 74 04 94 

FIGURE 1 

Showing a Distribution of the Index or Handedness in a Population of 
1061 Individuals 

The horizontal axis represents the index, the vertical axis, the frequency 
of occurrence in terms of percentage, 
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TABLE 1 

Distribution or the Index: of Handedness Grouped According to (I) 
Successful Transfer in Penmanship from Left to Right, (II) 
Unsuccessful Attempt at Transfer, (III) No Attempt at 
Transier, (IV) Natural Right-Hand Writers 


Index 

Right-hnnd 

writers 

IV I 

Left-hand 

writers 

II III 

Total 

% 

0- 4 



29 

34 

63 

59 

5- 9 


14 

26 

54 

94 

8 9 

10-1+ 


24 

24 

25 

73 

6 9 

15-19 


17 

23 

11 

51 

4 8 

20-24 


19 

19 

11 

49 

4.6 

25-29 


12 

10 

10 

32 

30 

30-34 


15 

11 

10 

36 

34 

35-39 

1 

16 

6 

7 

30 

28 

40-44 

1 

16 

7 

4 

28 

26 

45-49 


15 

3 

5 

23 

22 

50-54 

2 

11 

2 

2 

17 

1 6 

55-59 

1 

8 

1 


10 

9 

60-64 

8 

5 


1 

14 

1.3 

65-69 

7 

9 

2 

1 

19 

1 8 

70-74 

9 

3 

1 


13 

1 2 

75-79 

17 

4 


2 

23 

22 

80-84 

42 

4 


2 

48 

4 5 

85-89 

83 

4 


2 

89 

84 

90-94 

101 

5 



106 

10 0 

95-100 

240 

2 

1 


243 

22 9 

Total 

512 

203 

165 

181 

1061 

99 9 


it falls in the second interval, 5-9. The curve is much steeper from 50 to 
100 than it is from 50 to 0 The data suggest the influence of environment 
and training The left-handed person finds himself in a right-handed 
world and so, willy-nilly, he tends to become right-handed In other words, 
the environment imposes a certain amount of transfer 

The U-shape of the curve indicates the lack of complete manual domi¬ 
nance Strictly speaking, only that individual who has lost the use of his 
left arm is dominantly right-handed, and wee versa In between the 
extremes aic varying degrees of left- and right-handedness, with the gencial 
tendency away from ambidexterity 

The downward fluctuation of the curve in the interval 0-4* may have 
some healing on the heredity of handedness and also on the problem of 
transfer in penmanship It may be noted that in the group with indexes of 
0-4 no successful transfers were found 
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The validity of the scale depends upon its content If the SO items listed 
may be consideied a representative cross-section of an individual's manual 
activities, the scnlc should yield a fairly valid measure of dextrahty Each 
item was carefully selected The "Manual of Instructions” contains defi¬ 
nitions of handedness where confusion might arise In the case of bimanual 
activities exception may he taken to some of the definitions offeied In 
the case of shoveling, foi example, it may become necessary eventually 
to define handedness in terms of the type of level (i.e, fiist or third class) 
represented in the activity rathei than by the position of the hand on the 
handle of the tool In any event, the scale represents a standardized 
instrument yielding an objective unit of measurement. 

The reliability of the scale was tested in the following manner A group 
of graduate students measured the handedness of 563 individuals, appioxi- 
mately half of them left-handed Six vveeks after the first examination, 328 
of the original group were remeasured by another group of graduate stu¬ 
dents and a correlation ratio (eta) was calculated between the indexes 
obtained in the first examination and those obtained in the second, This 
correlation ratio proved to be 97B± 036* A high degree of reliability is 
thus indicated despite the fact that when the score for any one item has 
to be divided an estimate is involved 

The mean time required for the administration of the scale as indicated 
by 412 cases is 10.6 minutes 

Several uses for the scale suggest themselves: 

1 It should be useful in the diagnosis of handedness when the question 
of transfer in penmanship is involved, 

2, It should help to determine the relationship between handedness and 
speech disorders 

3. It should make possible the determination of the degree of handedness 
transmitted by parents to offspring, whether by heiedity or training 

4 It should aid in the accurate determination of the various degrees of 
handedness in the population as a whole. 

Examiner's, Manual 

To use the scale determine whethei the activities listed are perfoimed 
with the right oi the left hand by saying, "Show me how you write” or 
"Show me how you throw a ball” etc* With children it is helpful to equip 
oneself with several of the objects and tools mentioned in the scale Small 
hoes, rakes, shovels, etc,, such as children play with, permit actual demon¬ 
stration when doubt arises, Adults can usually demonstrate without equip¬ 
ment or can rely upon their memories 

If an activity is habitually right-handed, assign it a scolc of 10 in the 
column headed “R”; if it la habitually left-handed, a score of 10 in the col¬ 
umn headed "L”, If an activity is performed habitually without prefci- 
ence for either hand, assign a score of 5 in each column If an activity 
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HABIT SCALE FOR HANDEDNESS 
Form 101 CEL <5-1-1931 No 


(1) 

(2) 

(3) 

(+) 

(5) 

(«) 

(7) 

Name 

First 

Next birthday , 

Month 

IIow old will testee be 
Date of test 

Month 

City 

Stiect 

Vocation of father 
Vocation of testee 

Last 

Day 

then ? 

Day 

State 

No „ 

. > (9) Index 

(10) Sex 

(11) Age 

Yeai (12) IQ, 

. (13) Grade , , 
(14) Writing 

Year (15) Transfer? 

, (16) Sp’ch clef? 

* 

- 


SHOW ME HOW YOU 

R 

L 



R 


L 


A 

L Point (with finger) 

( 

) 

( ) 

6, 

Open a door 

( 

) 

( 

) 


2. Hold rattle (spoon) 

( 

) 

( ) 

7 

Brush your teeth 

( 

) 

( 

) 


3 Pick up (blocks. 




8 

Play marbles 

< 

) 

< 

i 


pins) 

( 

) 

( ) 

9 

Roll a hoop 

( 

) 

< 

) 


4 Thiow (a ball) 

( 

) 

( ) 

10. 

Draw (a picture) 

( 

) 

< 

) 


S Shake hnnds 

( 

) 

( ) 







B 

11 Write (with pen) 

( 

) 

( ) 

16 

Stulce a match 

( 

) 

( 

) 


12, Eat (aoup) 

( 

) 

( ) 

17, 

Hold a glass (cup) 

( 

) 

( 

) 


13 Wind a clock 




IS 

Cut with shears 

( 

) 

( 

) 


(watch) 

( 

) 

( ) 

19 

File finger nails 

( 

) 

( 

) 


14 Deal cards 

( 

) 

( ) 

20 

Stir (coffee, tea) 

( 

) 

c 

) 


15 Swat a fly 

( 

) 

( ) 







C, 

21 Shave 

( 

) 

( ) 

Z6 

Saw (a bonrd) 

( 

) 

( 

) 


22 Shovel (coal, sand) 

( 

) 

( ) 

27 

Hammer 

( 

> 

( 

) 


23 Hoe (in the gar- 




2S 

Chop (with axe) 

( 

) 

( 

) 


den) 

( 

) 

( ) 

29 

Mow (with sickle) 

( 

) 

( 

> 


24 Rake (leaves) 

( 

) 

( ) 

30 

Whittle 

( 

) 

( 

> 


25 Fuik (hay) 

( 

) 

( ) 







D 

31 Cut bread 

( 

) 

( ) 

3 6 

Peel (potatoes, 






32 Beat eggs (with 





apples) 

( 

) 

( 

> 


spoon) 

< 

> 

( ) 

37 

Iron (clothes) 

( 

) 

( 

) 


33 Sift flout 

( 

) 

( > 

38 

Sweep (with broom) 

( 

) ( 

) 


34 Pom coffee (tea) 

( 

> 

( ) 

39 

Sew 

( 

) ( 

) 


35. Wash dishes 

( 

) 

( ) 

40 

Thread a needle 

( 

) 

( 

) 

E 

41 Thiow javelin 




46 

Pitch horse shoes 

( 

) 

( 

) 


(spear) 

( 

) 

( ) 

47 

Shoot (gun, pistol) 

( 

) 

( 

) 


42 Bat a hall 

( 

) 

( ) 

4S 

Cast with rod 

( 

) 

( 

> 


43 Play tennis 

( 

) 

< ) 

49 

Play ukulele (vio¬ 






44 Play golf 

( 

) 

( ) 


lin) 

( 

) 

( 

) 


45 Shoot billiaids 




50 

Piny tiombone (cor¬ 






(pool) 

2 

J. 

( ) 


net) 


2 

( 

2 


Total A ( ) ( ) 

B ( ) ( ) 

C ( ) ( ) 

D ( > ( > 

E ( ) ( ) 


IS (Total Scoie) — 2R •+■ 2JL 
ZR 

INDEX = - = 


Summation 


Examiner 
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is peiformed with both hands, but inoie frequently with one than with the 
other, estimate the approximate score value for each hand, i.e. (6) (4) , 

(8) (2), etc If the activity has never come within the experience of the 
testecj do not score it at all 

In activities involving only one hand, handedness is easily determined. 
In witting, sewing, throwing, whittling, hammering, etc the activity is 
right-handed if the tool is held in the right hand. 

In the case of bimanual activities the matter is not always so clear. For 
the sake of uniformity handedness will be tentatively defined as follows 
for the activities listed in the scale Shoveling, hoeing, raking, forking, 
sweeping, chopping, batting and playing golf are right-handed when the 
right hand is below the left on the handle of the tool (in chopping, foi 
example, when the right hand is toward the head of the ax) Shooting 
billiards is right-handed when the right arm propels the cue, the fingers of 
the left hand serving as the bridge In the case of string instruments, the 
performance is right-handed when the bow oi pick is held in the light 
hand In the case of wind instillments, the pcrfoimnnce is light-handed 
when the slide 01 the valves are manipulated with the right hand 

Filing the nails seems to be a special case if the file is actively manipu¬ 
lated by the right hand while the left hand is held motionless, and if 
the units of the right hand arc moved back and forth across the file while 
it is held stationary by the left hand, the performance is right-handed 
Left-handed ness is just the reverse and ambidcxtei ity lequues that the 
file be nctively manipulated by each hand 

Note that the point involved in the scale is one of habit It is not a 
question whether the testee can write with either hand but whether he 
actually does When put to the test any activity can be performed With 
cither hand but of course not with equal efficiency Many cases of true 
ambidexterity aie on record and mtcimediate cases between complete domi¬ 
nance and ambidexterity arc numerous In fact, the rare case is one of 
complete dominance To illustrate, many left-handed folks have learned 
to write with the right hand, gome habitually shake hands with the right 
hand, some use shears with the light hand, etc Some right-handed folks 
deal cards with the left hand, and some few even wnte with the left 
hand 

An inventory of activities as suggested by the Habit Scnlc yields a fanly 
reliable sample of an individual's maminl habits The Handedness Index 
is an expression of the percentage of right-handedness It is found by 
dividing the score of the light hand by the total scoie yielded by the scale 
The following classification of Indexes is suggested 0-19, dominant left- 
handedness, 20-39, left-handedness but not dominant, +0-59, ambidexterity, 
60-79, right-handedness but not dominant, 80-100, dominant light-hand- 
edness 

JVcsi Virginia Wesleyan College 
Buckhamiou, West Virginia 
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THE MEASUREMENT OF AGGRESSIVE BEHAVIOR IN LABORA¬ 
TORY RATS 

Frank C Davis 

It is the purpose of this note (1) to describe changes in tendencies toward 
“aggressiveness” which occui when the iat’s environment is altered in 
certain ways and (2) to suggest a scale of aggressiveness for rats, 

Experiment 

In the course of some observations directed towaid another end, I noticed 
that white rats which were living alone, each in his own cage, frequently 
attacked strange rats which were put into their cages 1 The attacks lringed 
fiom mere “pushing” movements to savage attacks which would probably 
have ended in the death of the intruder except for my intervention The attempt 
was then made to study systematically some of the factois producing this 
type of aggressive behavioi, and to get light on the genesis of the individual 
differences noted with lcspect to degree of aggi cssjveness During the 
course of this study various criteria of aggressiveness were listed, and these 
form the basis of the rating-scale technique to be described below 

The “subjects” were eight adult male rats When the writer received 
them they were in two cages, fom in each cage The rats were left for 
a period of one week in these groupings, in order that their behavior might 
be studied under the conditions to which they had become accustomed, to 
hnd out, for example, whether or not certain ones of them were habitually 
more vicious or aggressive than the rest They were observed in the fore¬ 
noon and afternoon each day, and on three occasions in the evening also 
Dining the course of these observations no fights, no acts of aggression on 
the part of one lat toward another iat, were noted The rats were now 
separated, each of four of the males of one cage being put alone in a cage 
isolated from the cages occupied by his former mates The other four 
males were kept apait in their original cage, and were used throughout the 
subsequent observations as “stimulus” or “stianger” rats After two clays 
had elapsed, to allow the rats which had been moved to become accustomed 
to their new living conditions, the following experimental situations were 
introduced 

(a) At different times in the day, both at feeding and at non-feeding 
times, a “sti anger” rat was put into the cage of an “at home” rat, and the 
behavioi of the two rats was noted AW rats fed once every 2{ hours 


*Thesc obseivations weic made in the Animal Laboratory of the Psycholo¬ 
gy Department of the University of California I wish to thank Professor 
E C Tolman for putting the animals at my disposal and affording me 
opportunity to make the obseivations herein reported 


) 
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(l>) At different times in the day, both at feeding and at non-feeding 
times two “strangei' 1 rnta were introduced into the cage with an "at hotne" 
rat, and the behavioi of the three lats noted All rats fed once every 24 
hours as above 

(c) At the time of feeding, a “strangei” rat was put into the cage of 
an "at home" lat, and observations made of the icsulting behavior All 
the ratsj both “at home” and "stranger” fed only once every 48 hours 

[d) At the time of feeding, two “strangei" lats were put into the cage 
with an “at home" iat As in ( c ), all rats fed only once every 48 hours 

In the («) part of the investigation, observations were made on five suc¬ 
cessive days, in the (£) part, on three successive days, in (c), observations 
were made at the time of feeding on six occasions, in (d), at the time of 
feeding on two occasions Each series of observations followed on the next 
day after the conclusion of the preceding senes, 

Results Under situation (rt) none of the isolated "at home" rats mani¬ 
fested aggressive behavior toward the “stranger’ 1 rat Obseirations were 
made for a penod of three-quarters of an hour each, on two days once in 
the morning and once in the afternoon (before feeding time), and on three 
days in the afternoon (at feeding time) and in the evening At all these 
times the “at home" lats gave some slight attention to the “stiangci/’ as 
evidenced by nosing and smelling, The “stranger" rats went through the 
usual explorations of a rat in a new environment, ate food along with the 
“at home" rat on those occasions when observations weie made at feeding 
time, and then made themselves at home, The result was the same with (h) } 
when two “stranger" rats were simultaneously introduced into the cage 
of an “at home" rat This was contrary to my expectations, since my eailicr 
incidental observations had led me to expect aggression on the part of the 
“at home" rata toward the “stranger" rats under such conditions Two ex¬ 
planations of these negative results suggested themselves (1) the pre¬ 
liminary study of these rats in their accustomed environments had indicated 
that they might be nn unusually unaggressive, easy-going lot, inasmuch as a 
week's observations had foiled to disclose a single act of aggression on the 
part of any of them toward any other , (2) the two-day penod of isolation 
might not have been long enough for the “at home" rats to develop a 
“sense of property rights" or whatcvei is back of the antagonism frequently 
manifested by a rat, living alone, toward an intruder 

But the behavioi picture changed radically under the conditions described 
above under (c) and (<f), The "at home" rats were the same foui males 
used as such in. the part of the investigation described under («) and ( b ) 
As noted above, both "at home" rata and “strangei" rats weie now fed only 
once in every 48 hours Observations were made only at the time of feed* 
Ing In the case of each of the four “at home" rats, in the ( c ) pait of the 
experiment, the “at home" rat took on an aggressive attitude town id the 
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f ‘stianger” rat immediately after the food was all eaten They were both 
hungry, of Course, and in the ense of the “stranger” this operated to inhibit 
the usual explonng of hit unfamiliar surroundings But, while the "at 
home” lat suffcied the “sti anger” to eat beside him as long as the food 
lasted, as soon as it was all gone he made known his resentment at the 
others presence by advancing against him and crowding him into a corner 
or against the side of the cage This behavior wag strikingly dissimilar 1 
to the indifference shown by these same “at home” rats to the presence of the 
“stranger” rats when they were being fed every day, The aggressiveness, 
in the case of every rat at cveiy observation period, lasted as long as 
the observer watched—fiom three-quarters of an hour to an hour and 15 
minutes on different occasions However, even under these conditions, the 
aggressive behavioi noted did not, with these animals, terminate in a hfc- 
and-death combat (The “at home” rats in the earlier incidental observa¬ 
tions previously noted were larger, more powerful rats than the ones heie 
used, nnd they often—even when not hungry—attached intmders viciously, 
so viciously that I had to be on the alert to separate them in time to prevent 
a fatality This vicious purpostvencss was lacking m the aggressiveness 
displayed by the “at home” rata in the present experiment In no cases 
did they actually bite the strangei, but simply kept pushing and crowding 
him, icfusing to tolciate his presence, as long aa the observation period 
lasted ) In the ( d ) pait of this experiment, when two “stranger” tats 
were put in the cage along with the container of food, the “at home” rats 
reacted similarly They gave all their attention to eating as long as the 
food lasted, and then began overtly to “resent” the presence of the two 
sti angers Always, in both ( c ) and (d), it was the "at home” mi who 
look the aggtessivc attitude, never one of the intruders. The “at home” rats 
seemed to get even moie excited over the presence of two stiangers than 
they had at the iiUiusion o£ one Typically, the “at home” lat sidled toward 
first one, then the other of the two unwelcome guests, ciowding them against 
the side of the cage, “puffing” nnd “snorting,” hair bustling As m (r), 
howevei, the “at home” rats did not come to the point of actually attacking 
the strangeis, but merely kept continually after them, not allowing them 
a moment's peace, constantly crowding them and pushing them against the 
aide of the cage 

Summaiy of experimental results White iats which had shown no ten¬ 
dencies toward aggressiveness under accustomed conditions of group living 
faded to develop aggressive tendencies toward intrude]s when isolated, one 
to a cage, as long as they weic fed once n day as usual With the lengthen¬ 
ing of the intcival between feedings to forty-eight hours, howevei, definite 
and persistent aggressive behavioi developed on the part of every “at 
home” int—aftei eating—town id “sti anger” rats put into their cages with 
their food 
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A Scale tor Aggressiveness 

Aggressiveness in rats can be measured in terms of («) intensity of ag¬ 
gressive behavior or [b) Us duration Of these, “intensity” is the more 
unambiguous measure if its “degree” be agreed upon and specified in a 
rating scale “Duration” may be ambiguous if used alone, since a short 
duration might mean cither veiy little aggressiveness or nn attack so vicious 
that the object of the aggression is dispatched very promptly I shall list 
certain criteria of aggressiveness —behaviors manifested by white rats under 
different stimulating conditions—and shall suggest a seven-point scale of 
intensities to which these criteria leadily lend themselves The proposed 
criteria arc as follows 

(o) Persistent ciowding, pushing movements of one rat toward anothei 

(b) “Puffing” and “snorting” sounds on the part of the aggressor 

(r) Erection of the hair. 

(d) Biting movements, or “threats,” by the aggressor, without actual 
bites being administered 

{<?) Actual biting on the part of the aggressor, 

{/) A form of restlessness on the part of one rat shown only under cer¬ 
tain conditions when another rat (or rats) is present in the first iat’s cage, 
and characterized by occasional “sidling” movements in the direction of the 
other rat (This is sometimes observed when a strange rat is introduced 
into a cage at the same time that food is put in, and differs from (a), above, 
in that the aggressive movements are intermittent rather than continuous, 
the “at home” int’s time being divided between eating the food and making 
these sorties in the direction of the stranger ) 

Based upon these criteria I suggest the following rating scale of rat 
“aggressiveness" 4 

0, Pays no attention to (makes no overt movements in direction of) other 
rat or rats 

1 Intermittently moves in direction of other, showing other 9igns of ag¬ 
gressiveness mentioned above (snorting, erect hair, etc ) 

2 More continuously aggressive, keeping constantly “after” other rat 
but not actually attacking him 

3 Crowding against other rat, and standing over him when latter lies 
flat on back, but not biting him 

4, Adds to above occasional attempts at bites 

5 Bites other rat sufficiently hard to cause latter to squeal 

6 Bites savagely and constantly, drawing blood (unless separated). 

Note The influence of heredity upon traits described n 9 'wildness* and 
'savageness* has been experimentally investigated by Yerkcs and by Stone 
(using rats) and by Coburn (using mice) In general, the criterion of 
'wildness 1 or 'aavagcncss’ used by all three of these investigators was the 
type of response made by the rat or mouse to the attempts of the expen- 
mentei to capture it and place it in his hand—a 'wild* or 'savage* rat or 
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mouse attempted to elude captm e by running and by hiding while a 'tame* 
animal submitted icadily to being picked up by the experimenter The 
criterion of wildness 01 savageness was also based upon the animal’s 
responses towaid the experimenter, namely, the number and character of 
bites or attempted bites at the latter's hand and the like The method fol- 
lowed by the piesent experimenter diffeied from that used by the above in¬ 
vestigators in that the iat’s behavioi toward his peers, rather than his re¬ 
actions to the experimenter, is made the basis foi the behavior-criteria upon 
which the rating scale herein suggested is constructed Just how ‘general' 
the 'savngencss 1 of Yerkcs’ and Stone’s experiments and the ‘aggressiveness’ 
described in the present report may be is a mattei meriting fuithei inves¬ 
tigation Recent obseivations have disclosed lats which attack the experi¬ 
menter’s approaching hand with a high degree of feiocity (getting a high 
rating foi ‘savageness’ on the Yerkcs or Stone scale) but which, when they 
are the ‘stranger’ rats in the cages of ‘at home’ iats, manifest zero ‘ag¬ 
gressiveness' according to the critcna presented above 
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A STUDY OF PLEASURABLE EXPERIENCE AS A FACTOR IN 
COLOR PREFERENCE 

Ruth Staples and William E Walton 

A numbci of investigators have suggested social factors such as cultuial 
association oi social conditioning to be of majoi importance in determining 
the color preferences of individuals (4, 6, 8, 9, 12, 13) This conclusion 
has usually been reached thiough an analysis of the reasons for color 
preferences as stated by the subjects, oi it has been offered as the best 
explanation of the age, sex, and racial differences in prefcicnce or reactions 
to color The present study has been undertaken to deteimine experimentally 
whcthci oi not pleasurable experiences in the presence of n particular color 
may be a factoi in the prcfcience of individuals for that color 

Since the color picfcienccs of young childien have been shown to be less 
marked than those of school children and adults (10), nmsciy-school chil- 
dicn were selected for the subjects of this investigation, presupposing that 
with them prefeiuices might be more easily established, or existing prcfei- 
ences modified, than with older subjects The expenment was conducted 
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upon 5 boys and 8 girls. The age range of these children was from 3 years, 
1 month, to 4 years, 10 months, with a mean age of 48 5 months The range 
of intelligence quotients was from 100 to HI, with an average of 113 

Procedure 

A preliminary test was given to the subjects to dctenmne their existing 
color preferences. Lights, lather than pigments, were used as the medium 
for piesentlng the colors since it is possible to regulate the brightness of 
lights, thus avoiding any preferences for color on the basis of brightness 
rather than hue. The apparatus used for this purpose, the chromo- 
pathometer, has been described elsewhere by one of the authors (11) The 
procedure with the children was as follows Each child was tested indi¬ 
vidually Pie was taken to a slightly darkened room and seated on a 
chair, 4 feet in front of the two windows of the chromopathoinetei The 
four colored lights, red, yellow, green, and blue, were then presented by 
the method of paued comparison With each pair of colors, the child was 
adked to point to the hght he preferred AfteT an interval of a few minutes 
the lights weie presented again with the positions of the colors reversed 
Each color wag then rated Recording to its affective value for each subject 
in terms of percentage of times chosen of the total possible choices for that 
color 

Next, one color was selected for each child with which he was to have 
pleasurable experiences (This will be referred to as the ‘‘assigned color”) 
This assigned color was, in each case, the one which in the preliminary 
experiment wag shown to be the least preferred, or one for which the child 
had not shown marked preference Four of the children were assigned td 
yellow and three each to red, green, and blue. In order to include all four 
colors In the investigation, the original affective value of the color assigned 
was not the same for each subject 

A senes of pleasurable experiences with the color assigned was arranged 
in the following manner The subject was seated facing the chromo- 
pathometer and the four colors turned on in rotation, two lights of the same 
color appearing At the same time With the appearance of each color the 
child was given a box to open and his attention called to the colored lights, 
If it was his nssigned color, the box contained a gift, otherwise it was 
empty, It was assumed that receiving a gift on the appearance of lights 
of a particular color might cause the child to form a liking for this color 
as soon as he recognized its significance On the other hand, n mild dis¬ 
appointment might occur if the box was empty and set up nn unfavorable 
reaction to the other three colors 

The detailed proceduie was as follows The child entered the slightly 
darkened room and seated himself at a large low table before the apparatus 
The switchboard regulating the lights was on another table, screened from 
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the subject's view Foul cotton-lined boxes with easily removable lids were 
on this side table, one containing an attractive toy, a small cookie, or a 
small piece of candy, The others weie empty First, one of the boxes 
was placed before the child with the following instructions “I am going 
to put this box here You musn’t touch it yet. Perhaps there is something 
nice inside and perhaps it is empty Fust I will turn on the lights (two 
lights of the same color were switched on) Do you see the lights? Now 
you may open the box and see if there is anything in it” If there was a 
toy inside, the child was allowed to play with it as long aa he wished, or 
to eat the cookie or candy In any case, the procedure continued in the 
following way The lights \vere turned off and the box and toy removed 
A second box wag placed before the child with the following instructions. 
t4 Now here is another box You watch the two little windows and when 
the lights come on you may open the box Do you suppose there is some¬ 
thing for you in this one?” 

This procedure was carried out with each of the four colors, at each 
experimental period The order of presentation of the four colors wna 
rotated to prevent the children from expecting a “present 11 by mean 9 of 
serial order Different toys were used to keep up interest The children 
learned the procedure very quickly and would watch the windows for the 
lights eagerly. There was considerable variation in the time required by 
the different subjects to recognize the light which accompanied the gift 
One child recognized it the second trial Three learned it on the third 
trial, one each on the fourth, the seventh, the eighth, the ninth, and the 
twelfth The othei four gave no evidence of ever recognizing their color, 
although it is possible that they did Of these four, three showed con¬ 
siderable confusion in ability to name colors. Their average chronological 
age was 44 months as compnred with an average age of 45 5 months for 
the children who succeeded in the recognition However, the subjects 
failing to recognize their colors had an average mental age of only 47 
months as compared with an average of 58 6 months for the other children 
These facts may, in part, account for their reactions The experimental 
procedure was carried out either once or twice daily (am. and PM ) with 
each subject for a period of from 15 to 20 school days, The entire experi¬ 
ment extended over a three-weeks’ period 

Within one week of the completion of the associations, the following 
experiments were performed on each subject 

1 A test to determine whether or not a pleasurable association had 
been set up with a particular color This was a duplication of the pre¬ 
liminary preference test for colored lights. 

2 Two tests to determine transfer as follows, (tf) Preferences for colored 
papers Colored papers 4x6" were selected in the four primary colors 
matching as closely a9 possible the colored lights These were presented 
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by paired comparison 09 in the case of the lights and the general procedure 
duplicated (i) Pieferences for colored blocks Four brightly colored 
blocks, red, yellow, green, and blue were selected exactly alike excepting 
for color These weie presented in the same manner as weie the colored 
papeis No two of the above testa weie given in any one day. 

3 A test to determine the duration of the preferences Twelve of the 
subjects were available for a retest for prefeiences for colored lights after 
an interval of five months 

4 A color-naming test, consisting of the four primary colors and orange, 
pink, violet, brown, black, and white This was included since it was 
thought possible that the knowledge of color names might be a factor in 
forming the associations with the colors 

Results 

The percentage of choices given by each subject to his assigned color was 
estimated for each color preference test as follows («) the original piefer- 
ence for colored lights, (b) the retest after conditioning, (r) transfer to 
papers, {d) transfer to blocks, (r) retest after interval The average 
percentage of choices for the assigned color was then estimated for the 
entire group of children for each of the above tests. Since the number of 
subjects was small, Fishers' ^-function (1) was used to determine the re¬ 
liability of the differences between the averages of the various color 
preference tests as stated above, A summary of the results is presented 
in Table 1. 


TABLE 1 

Comparison of Percentages of Choices or Assigned Colors Before and 


After Pleasurable 

Experiences 



All cases Preference 

averaged Original after 

N = 13* preference conditioning 

Transfer 

to 

paper 

Transfer 

to 

blocks 

Preference 

after 

interval 

Preference for 
assigned colors 
in terms of per¬ 
centage of times 

chosen 34 6 82 0 

70 8 

64 9 

+5 8 

SD a 5678 ,6933 

5218 

2125 

3960 

tvalue of “t” 

comparison with 

original preference 9 386 

7 835 

11,796 

2 786 


*Only 12 subjects were available for the transfci tests and for the retest 
after a five-month interval, 

fThe differences are significant if t is equal to or greater than 2 201 
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Considering the averages for the group, there is a decided increase in 
the strength of preference for the assigned color after the pleasurable cx- 
peuences as compared with the original presentation of the lights (82% 
vs 34.6%) The affective values of the assigned colors diop in the case 
of the colored pnpeis (70 8%) and drop still more with the colored blockB 
(64 9%) It will be remembered that the papers closely matched the 
lights in value, while the blocks varied somewhat After the five-montli 
interval there is a still greater drop in the affective value of the assigned 
colors (4S.8%) Howevei, it will be noted, the value of u t n is high enough 
to give unquestionable significance to the differences between the averages 
of the original preference and (n) the average for the lights nfter con¬ 
ditioning, (Z>) the nverage for the papers, and (c) the average foi the 
blocks In the case of the smallest difference, i.e, the color preferences 
aftei the time interval as compaied with the original piefcrences the value of 
u f 9 is 2.786 which gives 99 -H chances out of 100 that this difference is a 
true one. 

A consideration of the individual cases is of interest. Twelve of the 
13 subjects showed a decided increase in the affective value for the assigned 
color after the associations, in 5 cases the choices being 100% For one 
child the affective value remained unchanged This child, a girl of 46 
months with a mental age of 50 months, was one of the four who nevei 
gave evidence of recognizing the significance of her particular color (blue) 
She was able to name red, green, blue, white and black and violet cor¬ 
rectly, pink she called “red” and yellow "light” She was ignorant of the 
names of brown and orange She never paid much attention to the lights 
and showed the least interest of any of the children in the opening of the 
boxes She chattered gaily throughout the tests, on a wide variety of 
subjects, opening the boxes incidentally She was not available for the 
transfer tests One subject showed slightly less preference for his assigned 
color in the case of the colored papers and the colored blocks than in the 
onginal test This child named all colors coirectly and had been an enthu¬ 
siastic subject throughout the experiment Two other children showed 
neither increase nor decrease in the preference for colored blocks ns com¬ 
pared with the original preference for lights In the final test, after five 
months, seven of the subjects still favored their assigned colors more than 
originally, three held them at the same value, and for two children the 
affective value had decreased slightly Both the ability to name colors 
and the intelligence of the subject, while affecting the ease with which the 
children learned the significance of the particular colored light, apparently 
were not factors in setting up the pleasurable associations 

The results of this study indicate that the pleasurable expenenccs with 
the assigned colors very definitely influenced the subsequent color choices 
of the subjects, whether the colors were piesented in the form of lights, 
papers, or blocks 
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A comparison of the different colois is also of interest, although the cases 
are too few to suggest moie than possible trends Dividing- the children 
into four groups icpresentlng the four assigned colors, wc find that the 
original pieference for red for the group assigned to red was 50% of 
the totnl possible choices for this color For the group assigned to yellow, 
yellow originally held a 33% affective value Green and blue rated lowest 
with the two groups assigned to l^ese colors—with 28 and 27% respectively 
After the conditioning experiment red jumped to 94% of the possible choices 
of the group assigned td red, yellow to 79%, green to 89%, and blue to 
£7% Coming to the retest after five months, we find red back to its origi¬ 
nal value of 50%, yellow to 38%, green to 42%, blue at 56% The great¬ 
est permanent gains appear to be with green and blue, the colors with the 
least original affective value. This is of especial interest, since evidence 
has been presented elsewhere that in infancy red and yellow are strongly 
preferred and much more effective in eliciting responses than blue and 
green, but that, with increasing age, blue and green gain in value (2, 5, 7, 
3, 10) It is possible that the earliest color preferences have a physiological 
basis, but that, as development progresses , social conditioning becomes the 
major basis for preference 

Summary 

Thirteen children weie given a series of pleasurable experiences accom¬ 
panying the presence of lights of a particular coloi Aftei these associa¬ 
tions the preferences of the subjects for colored lights, paper, and blocks 
were determined and compared with then color preferences previous to 
the experimental procedure After a five-month interval, the children were 
reexamined for color preferences. 

The pleasurable experiences with a given color resulted in a decided 
increase in the affective value of that color, as evidenced by the childien’s 
preferences for colored lights, blocks, and paper These preferences were 
maintained to a lesser but significant degree after a five-menth interval, 
somewhat more pronounced in the enses of blue and gieen than with led 
and yellow 
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Knight Dunlap Habits Their Making and Unmaking New York 
Liveright, 1932, P[> x+326 

The publication of a book by Knight Dunlap should aiouse Anticipations 
of a work marked by unusual piecision and care For, as is well known, 
there are in psychology few more fervent preachers of scientific spirit and 
method, and few more uncomp lomising critics of other wuters In the 
case of this book, furthermore, a preliminary survey of its contents 
heightens whatever favorable anticipations one may have had The chaptci- 
titles nrc well chosen Also, despite the simple essay style of the book, one 
finds that it concludes with ,i classified bibliography of about 600 titles 
Naturally! a bibliography of such unusual proportions leads one to expect 
that the discussion will reflect an unusual quantity of careful study and 
thought 

The preface reinfoiccs one's hopes It describes the purpose of the book 
as, first, the integration and reinterpretation of the experimental woik on 
learning (especially as regards the interrelations between learning and 
unlearning) and, second, the application of the resulting punciples to prob¬ 
lems of emotional and social habit The preface describes the book as non¬ 
technical, but implies that professional psychologists will find material of 
interest, especially in the first half of tile book The authoi stnteH "I 
suppose that my treatment of the psychology of learning will seem to many 
readers to be radical, even revolutionary It will be found that I have 
discarded the conventional formulations and flouted the ^principles of 
learning’ set forth in widely used textg , , , the revolt is dnected 

against the theoiies and the traditions which originated before the experi¬ 
mental era of psychology, and which need to be swept away m ordei that 
the experimental lesults may be understood 11 (pp, vnl-ix) 

However, the detailed study of the book does not bear out one’s hopes 
3n fact, one is tempted to say that in general the book is marked by those 
same faults which Dunlap criticizes so caustically in others, The book 
presents very little factual material, contains only n few scattered theoieti- 
cal points which merit favorable comment, and displays so little contact 
with the expenmental literature on learning that one is forced to conclude 
that the bibliography (which, incidentally, was contributed by Dr Willis 
C. Beasley) was prepared as an tw post jacto mcasuie, and not as an aid 
for the writing of the book 

The more specific discussion of this book will be divided into three parts 
I, a summary of the general contents of the book, II, a discussion of its 
main defects; and III, a discussion of its mam good features 
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I 

The gcnernl contents of the book may be indicated very briefly The 
first chapter gives a general description of psychological processes, and of 
habit in particular It introduces the central theme of the book—the 
principle that the responses made during learning typically change radically 
as learning pioceeds The second chapter, “The Fundamental Principles 
of Learning/’ distinguishes four different types of response on the basis of 
the relation between thought and action in each, and shows that each type 
is modifiable through learning, This chapter ends with arguments for 
the view that instincts and leflcxes are learned responses The brief third 
chapter deaH almost solely with the definition of voluntary action Chapter 
IV, on “Physiological Theories of Learning,” criticizes, first, the specific- 
path theory of habit, and, second, the claim that conditioned-response 
studies have contributed any new inteiprctation of learning Chaptei V 
presents the book's most detailed analysis of the forms of learning This 
analysis is used in this chapter as a ba 9 is for re-discussing Dunlap's “beta 
hypothesis,” 1 but elsewhere in the book this analysis receives no mention 
Chapter VI is a summary of conventional material on factors influencing 
speed of learning Chapter VII* “Retaining, Recalling and Relearning,” is 
devoted almost exclusively to the description of norms of learning, means 
of measuring retention, etc Chapter VIII deals with the distinction be¬ 
tween memory and the simpler forms of retention, and, secondly, with the 
so-called systems for improving memoiy, Chapter IX gives an elementary 
descuption of the different principal varieties of maladjustment (physiologi¬ 
cal and structural maladjustments, feeblemindedness, etc) Chapter X re¬ 
peats, with virtually no factual or theoretical additions, Dunlap’s pievious 
brief reports on his clinical use of “negative practice” Chapter XI is 
principally an analysis of the nature of emotion and emotional habit The 
final chapter presents arguments for the view that intelligence tests 
measure knowledge and skills, but not innate potentialities 

II 

Turning now to the discussion of the defects of the book, we find the 
following 

A * The book contains various erroia of fact The following may be 
mentioned (1) “The iris reflex does not seem to be modifiable except 


Unfortunately, the author has shifted his definitions in this connection 
The definition formerly given of the beta postulate now is given as the 
definition of the gamma hypothesis, and the definition formerly assigned 
to the gamma postulate now is given as the definition of the beta hypo¬ 
thesis (compare pp, 78-80, 94-95 of the present volume with Dunlap's 
statements in Science, 1928, 67, p 360, and in the Scientific Monthly, 1930, 
30, p 66) The author gives no explanation of why this change has been 
made, and perhaps it is merely an oveisight 
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through changes in conditions of health” (p. 24). This statement appears 
in a paragraph, which cites the disappearance of the Babmski reflex and 
the conditioning of the blink reflex as examples of reflex modification 
Accordingly, on the ms reflex, Dunlap disregards the studies by the 
Shermans (1925) and by Cason (1922) (2) In discussing studies of 

guidance, Dunlap says. "Guiding the animal should produce important 
results We might, for example, lend an animal through a maze It 

would be difficult to guide a rat, but one enn easily guide a dog or goat 
It has not been experimentally done” (p 107) As a matter of fact, 
Alonzo (1926) performed this very experiment, first having accustomed 
his rata to being led by leash. What ia more, this study by Alonzo is 
listed in the bibliography as one of the five ieferences cited on this section 
of Chapter VI, (3) ‘'With rata not only does the learning of one maze 
oi one problem box . seriously inhibit the learning of another maze or 
another problem of the same type but different details, but even the learn¬ 
ing of a maze, far from facilitating the learning of a different problem 
, . more often actually inhibits the second learning” (p 121) However, 
on the contrary, studies of transfer of tiainmg in rats all report positive 
transfer except in cases where the conditions are such ns to produce simple 
habit interference Thus, see Webb (1917), Wiltbank (1919), Dashiell 
(1921), Hunter (1922), Ho (1928), and Jackson (1932), as well as earliei 
studies by Writson, Richardson, and Bogardus and Ilenke In fact, positive 
transfer is so real and apparent that it is fast becoming standard maze 
technique to give preliminary training of some sort in order to get a more 
capable and standardized performance on the maze (4) "Even when , , . 
the relearning shows no saving over the previous learning, the recognition 
of the materials as something learned before clearly indicates letcntian ” 
(p 142) This statement similarly conflicts with experimental data Thus, 
Ebbinghaus (whose work Dunlap regards highly enough to have chosen for 
the Psychology Classics the chapter on learning of his Grundzuge der 
Psychology, ‘*1813” edition [p 270— probably the 1905 edition is meant]) 
found savings scores of about 33% with nonsense syllables* despite the 
fact that "When the senes were repeated S or 16 times” (in the original 
learning) "they had become unfamiliar to me by the next day Of course, 
indirectly, I knew quite well that they must be the same as the ones studied 
the day before, but I knew tins only indirectly, I did not get it from the 
series, I did not recognize them” (p 58, Memory, translation by Rugcr and 
Bussenius) Scott (1930) has found the same phenomenon in maze learning 

(5) Dunlap credits Ebbinghaus with having originated the concept of the 
intelligence quotient (p 262), The conect reference is, of course, to Stern 

(6) In discussing the standardization of intelligence tests, Dunlap comments 
as follows; "It is somewhat amazing to the psychologist to find investigators 
naively attempting to determine whethei or not intelligence actually remains 
constant from year to year Such investigators, obviously, have failed to 
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understand the plan of construction of the tests, and the method of 
standaidization Failure to find constancy of the proper numerical index 
of intelligence from year to year (for the averages of laigc groups, not for 
individual children) would merely show that the lists were imperfectly 
constructed or inadequately standardized” (p 262) However, to others it 
may seem that the amazing thing in this mattci is that Dunlap should 
describe the problem of the constancy of the IQ ns having been commonly 
treated as a matter of the “averages of large groups” (the parenthesis in 
the above quotation is not an inseition of the reviewer) This problem of 
constancy of IQ is, in truth, often too loosely treated, the error being made 
of not distinguishing between variations resulting from crrois of measure¬ 
ment and variations resulting from changes in the trait measured, but 
the investigators have not made the ciude error which Dunlap charges 
against them, 

The above eriors would not be worthy of mention, perhaps, if a large 
quantity of experimental mateual were covered by the book, but such is 
not the case As remaiked above, considerable poitions of the book are 
occupied with the elnboiation of purely logical material, such as on the 
topics of what constitutes voluntaiy action, what the different possible noima 
of learning are, etc 

B The book contains many unsupported, and in many cases unreason¬ 
able, dogmatic pronouncements The following examples may be cited: 
(1) “For the greater part of the insane, it la not evident that they are 
shorter lived or less happy than the 'noimaI 1 person But they are non¬ 
productive, they require our support, and in othei ways they annoy us 
and interfere with our plans This is the essence of insanity The type 
of thought processes does not matter The 'mmd’ of the average lunatic is 
probably as orderly as that of the average 'sane 5 man” (p. 181) (2) “ 

doubtless many” (morons, in the technical sense of the word) “have at¬ 
tained fame in ait and literature by concentrating their efforts on a few 
simple techniques” (p 183) (3) “Thumb-sucking , , is n sign that the 

child has not been adequately socially stimulated The baby should be 
allowed to amuse itself only for short and carefully controlled periods It 
should be amused, that is, socially stimulated during practically all of its 
waking time, Foitunate is the infant whose mother has time to entertain 
it, and whose efforts in this line are supplemented by those of giandparents, 
uncles and aunts” (pp 213, 215) (4) “The girl or married woman who 

has engaged in illicit sex relations usually does not regret or repent of 
her conduct at all She may, however, become neuiotic through constant 
fear Men arc the conspicuous lepenters of sexual conduct ” (p 236) 
(5) “Psychologists are familiar today with the numerous cases ‘treated 1 by 
psychoanalysis and left in a condition in which the maladjustments are 
not only more serious, but more difficult to remove than in the patient’s 
original condition Suicide following psychoanalytic treatment has been 
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frequent" (p. 193). Particularly foi this last statement would it be desirable 
to have proof. If true, the assertion is moat important, both practically 
and theoreMcally. And since "psychologists aic familiar today with the 
numerous cases , " it should not be difficult to provide the evidence 

Such assertions as the above arc the more noticeable because of their 
contrast with the book's many expressions of caution. An example of the 
latter is the statement, "We assume . . learning operates by producing 

organic changes, perhaps in the nervous system . " (pp 13-14), The 

change of the author's attitude is certainly rathci marked “Perhaps" 
Dunlap says—not “almost surely" not even “probably," but "perhaps in 
the nervous system"i It does seem a rather puzzling thing that the one 
group of statements displays such bieezy confidence and the other gioup 
such overwhelming caution, especially in view of the fact that the adequacy 
of evidence seems inversely related to the degree of assurance Of course, 
the book probably will have a greater popular appeal because of this 
tendency to be ultra-conservative on topics where competent workers gen¬ 
erally make confident assertions, and to be daring and dogmatic on topics 
where others generally feel that it would be unsafe to hazard opinions; 
but this characteristic hardly increases the scientific value of the book. 

C The book is not careful in its terminology This defect is not ubiqui¬ 
tous—at a few points there is a care in definition which could well serve 
other psychologists as a model for imitation But such care is not the 
rule In the first place, although Dunlnp insists that established terminologi¬ 
cal usages generally should be respected (see pp 5, 18, 49), he occasionally 
disregards this precept with no apparent warrant For example, he states; 
“By stammering we usually indicate any defect of speech which is not due 
to anatomical faults, but is an actual speech habit" (p 197) (Stammering, 
then, covers lisping and alj othei habits of rnispi onunciation!) The term 
“neurotic" is redefined as designating only those peisons who are not only 
inefficient or unhappy, but who are also socially obnoxious (p 188) 
“Imagining” is used repeatedly to refer, not to thought of unreal or un¬ 
known situations, but to the simplest of all sorts of thinking—that type, 
whatever it may be, which maybe constitutes the minimum thought require¬ 
ment for human and perhaps also for animal learning (p, 37, etc) 

In the second place, Dunlap uses even some of his own definitions in¬ 
consistently, Thug, near the stmt of the third chapter, he states “Responses 
which the individual perfoims in spite of the fact that he desires not to 
make them, or chooses or decides not to make them, we usually designate 
as involuntary. Still other acta, which apparently arc performed without 
any desire or choice, for or against them, we designate as tion-voluntary " 
(pp, 43-44) Yet, although he nowhere redefines “mvoluntaiy” and “non- 
voluntary" in any other sense, he states within the pnge “The action of 
the salivary glands is, for the greater part of the time, involuntary, , so 
is the action of the arm and leg muscles", and he also states that the 
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problem of stutterers is a matter of finding 11 , . means by which certain 

acts shall be made voluntary at ceitain times and be allowed to proceed 
mvoluntanly at other times'’ (p 44). Another example is that, aftei having 
used “feeling” to tefer to emotional responses (Chapter I) and to the af¬ 
fective part of emotional responses (Chapter XI), Dunlap makeH the 
following statement without integrating it at all with the rest of the 
discussion “A feeling, in any useful meaning of the term, is a bodily state, 
existing in the muscular and connective tissue, and capable of stimulating 
neiyc endings” (p 241). The most serious instance, however, of Dunlap’s 
changing of meanings occurs in Jus use of lus veiy important cxpiession 
"negative practice ” Dunlap generally uses this term (and, in fact, specifi¬ 
cally defines it, pp 94-95) as referring to piactice in which the Icatncr 
deliberately repeats the response which he wishes to eliminate, thinking nt 
th<* same time of the fact that the response is one which he wishes to 
eliminate But, at a few points, Dunlap employs the teim in this altogcthei 
different sense, In speaking of learning to thiow darts, to type, etc, he says, 
“ . . negative practice begins tile learning process and positive practice 

finishes it” (p 227, elaborated further on p 228) It js of coujsc elenr 
that in such eaily tuals the learner is not clehbei aicly making the mistakes, 
but makes mistakes only in spite of his intention of making correct reactions 
Since such practice is quite appreciably different from that which Dunlap 
has generally designated as negative practice, it seems that such shifting 
of meaning of tins term cannot fail to breed confusion 

D The book Is not a unified whole This is true particularly as regards 
Dunlap’s discussions of the question of the forms o^ types of learning This 
topic is handled in three different ways in different parts of the book, and 
almost no attempt is made to integrate these diffeient treatments This de¬ 
fect of the book can hardly be illustrated adequately in any brief fashion 
One minor example may be given, howevei The second chapter opens 
thus, “We lenin by acting, by perceiving and by thinking So fai as we 
can now determine, no other ways of learning aie possible” (p 18) This 
sounds definitive But on the following page Dunlap states ,r The distinc¬ 
tion between thinking, perceiving and ‘acting’ is not so sharp ag it might 
appeal to be, Action-responses may be peiceptual Other action- 
responses may he processes of thinking , Still other nction-iesponses are 
theoietically possible in which theie is neither thinking nor perceiving” 
From this statement, and particulaily from the “theoretically” in the last 
sentence quoted, it appears that within two pages Dunlap has become veiy 
dubious of the idea rather clearly implied by the chapters opening sentence, 
that at times we learn by “acting” in a sense distinct fiom learning by per¬ 
ceiving or thinking Still further, other statements are made which seem 
to cast “learning by perceiving” into equal uncertainty Thus, pp 29-30. 
“It is not evident, though it may possibly he true, that we can learn without 
thinking . if it turns out that learning occurs in human beings only 
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through thinking, the extension of the rule to the lower animals would be 
in order ” Because of such statements as these one cannot tell what is 
(he net view of the chapter 

E The book is marked by serious omissions It is not merely that the 
book leaves untouched a wide range of material that would be essential 
for any well-rounded treatment of learning, for such a well-rounded treat¬ 
ment would be impossible in a book of this length, even though, it were very 
tersely written The defect consists rather m the fact that the book omits 
important material oil topics which the book specifically piofcsses to treat 
For example, since the occasion for this book springs fiom Dunlap's 
clinical work with the negative-practice technique, one naturally looks for 
definite information about his actual expeucnce with this method But, 
actually, the 38-page chapter on “The Breaking of Specific Bad Habits" 
contains virtually no new material to eke out the two sleiulei preliminary 
reports in Science (192S) and the Scientific Mo?ithly (1930) The suggestion 
is given that so-me coses demand treatment over periods of months, that 
Telupses may occur, and that more conventional psychothcrapeutic. methods 
may well be used to supplement the negative practice, but there is still 
no mention of how many cases Dunlap has studied, what the particular 
nature of these cases was, what peiccntage of success has been achieved, 
what procedure is used in certain cases, etc This is disappointing, for 
Dunlap's work on habit-breaking has been n really stimulating contribution 
and ha a aroused hopes that his technique would prove to be an unusually 
valuable therapeutic tool 

No treatment is attempted of the theoretical problems of the operation 
of negative practice, and, in fact, Dunlap forswears the attempt (p, 314) 
A few theories, however, might well have been mentioned, such as Wood- 
worth's suggestion that negative practice permits the functional isolation 
of the undesired habit and the establishment, by means of bringing the effect 
of the response into close proximity with the isolated response, of a con¬ 
ditioned Inhibition of the unde9ired habit (Woodworth's Psychology, 1929 
edition, pp, 177-178), 

Since the preface introduces the book as aiming to integrate the experi¬ 
mental literature on learning and unlearning, one might legitimately expect 
some discussion of negative adaptation, of experimental extinction in con¬ 
ditioning studies, of changes of response that occur when new nvenues of 
response are opened up to an animal which already has developed some 
more indirect solution (see studies from Tolman’a laboratory), of dissocia¬ 
tion (especially in view of Dunlap’s expressed admitation for Janet's 
work), of repression, of retroactive inhibition, and of the problem of how 
such habits as tics and compensatory reactions arise. But of this assortment 
of topics only repression and retroactive inhibition are mentioned (p 212 
and pp, 156-157, respectively), and even these arc but baicly mentioned 
Further, despite the space devoted to the reconsideration of the beta liypothe- 
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sis, no reference is made to the large number of studies by Thorndike 
and otheis which have demonstrated, even more extensively than Dunlap’s 
own work, that repetition is only on inconsequential factoi, if any factor 
at all, in causing learning 

It would have been interesting if Dunlap had developed his suggestion 
that skills and many of oui knowledge-habits are to be understood as being 
peiceptual habits (see pp, 19-22, 74, etc). A considerable body of evidence 
on the modification of perception by training has been gathcied in psy¬ 
chology, but this material is nt present very inadequately utilized in our 
general theory of learning Dunlap speaks at a few points as though he 
were planning to develop this notion, but the book ends with the task undone 

III 

Enough has been said about defects Wc may turn now to a bucf 
summary of the features of the book which deserve favorable notice They 
are: 

A The principle which forms the central theme of the book—that the 
lenrner’s response typically changes radically as learning proceeds This 
point is, of course, by no means novel (cf the descriptions, from Small on, 
of how the behavior of the rat changes on successive maze trials, etc), but 
it is nevertheless true that wc have frequently oveilooked this point in our 
theoretical discussions of learning. This old oversight is, of course, being 
corrected by other workers, and often with considerably more expenmcntal 
material than Dunlap has contributed (see Thorndike’s Fundamentals of 
Learning, and also the wntings of Kohler, D. K Adams, Muenzmger, etc ) , 
but the fact remains that Dunlap is lifting his voice in a well-needed choxiis. 

B Dunlap’s criticisms of the specific-path theory of learning (pp 56- 
58) This treatment too would have been stronger if it had summarized 
the experimental literature on the problem, but Dunlap does give these 
two important logical points first, that the theory presupposes that learn¬ 
ing comes through repetition of the response to be learned, whereas often 
the response changes radically during the learning, and, second, that if 
habits did depend upon certain bonds of loweied resistance between suc¬ 
cessive neurons, neuiong involved in one habit would thereby be rendered 
unavailable for any other habits, since each neuron, whenever excited, 
would pass on its nervous impulses along the one path which was 
mechanically fixed, As Dunlap says, this principle is inconceivable, since 
the number of sensory and motoi neurons is so limited in comparison with 
the diversity of habits that depend upon any particular sensory sin face 
or motor system Dunlap’s statements in this connection carry him close 
to the Gestalt principle that there must be some sort of dynamic organiza¬ 
tion to central nervous activity, but, like much relevant material at othci 
points, the principles of Gestalt psychology pass without mention 

C Part of Dunlap’s discussion of conditioned-reflex work, particularly 
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hi9 consideration of conditioned-reflex doctrine as a distinctive theory of 
learning (pp, 59-70) Dunlap charges that there has been much looseness 
of discussion in the interpretation of conditioning; but, running through the 
general structure of Pavlov's woik, he thinks one can discern the funda¬ 
mental assumption that the nervous processes involved in conditioning con¬ 
sist of tin aggregation of discrete reflexes of the type that might be secured 
if one operatively removed all parts of the nervous system except the barest 
elements of a reflex arc The compounding together of such abstiacted 
entities would constitute conditioning, etc To this theory, Dunlap objects 
that no such units of activity exist except in the realm of artificial abstrac¬ 
tions, that actual reflexes involve quite wide coordinations and interactions, 
and that complex activities, since they can be perfoimed under considerable 
variation of stimulus and response, cannot be mere mosaics of reflexes 
This is good doctrine The same ideas have been expressed earliei by 
Picron, Lashley, Kohler, and otheis, but these ideas, too, still dcseive 
emphasis 

Z>. The book's emphasis of the fact that skills aic often established 
partly through the operation of knowledge-habits (eg, through recalling 
instructions on how to respond), even though this knowledge element may 
drop out after the skill has been established (pp, 7+-76, 153) 

E The idea which is coming to be expressed widely by psychologists 
today, that emotions (in the sense in which this term has generally been 
used) are not matters merely of feeling or affect, but arc feeling plus idea¬ 
tional content (pp 237-247, 317). Dunlap claims that we identify emotions 
more by their thought content than by then feeling element, and that emo¬ 
tional responses with quite different feeling content are generally classed 
as the same emotion if they possess the same thought content. 

F The thought which forms the central topic of the last chapter, that 
intelligence tests do not measure directly the innate potentialities of a per¬ 
son, but, inthcr, that they permit estimations of this only when theie are 
present the very-rnrely-aclueved conditions which would make possible a 
proper allowance foi any atypical learning opportunities vyhich an in¬ 
dividual had had It seems ceitain that we need more emphasis of this 
point, for we doubtless generally have been guilty of wishful thinking in 
this field—we would like so much to know how different races compaie with 
respect to their basic potentialities, how different nationalities compare, 
how different social or regional groups compaie, etc, that we have rushed 
in and measured and generalized, when, in truth, we had no means of 
knowing what corrections to make for differences of environmental op¬ 
portunity. This chapter is peiliap 9 a bit extreme in some ways, and, ns 
noted before, it contains a few errors, but as a whole it is a chapter 
which the reviewer heartily applauds 

Gi The section of the appendix (pp 308-313) devoted to summarizing 
the criticisms which Dunlap has offered several times previously of the 
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psychoanalytic concept of the unconscious This section by no means dis¬ 
poses of the psychoanalytic concepts of unconscious mental activity, for 
many of these concepts are questions of fact, not of definition, and Dunlap 
docs not deal with them on this level But there arc some suggestions lieie 
worth pondering on 

// The bibhogiaphy It is not exhaustive on any topic, and does not 
pretend to be But ns initial material on many topics, this bibliography 
may perhaps prove useful to psychologists—at least to those who do not 
want to use the moie detailed bibliographies of Hunter’s and Lashley’s 
chapters in The Foundations of Experimental Psychologyj Robinson’s and 
McGeocli’s reviews of Memory and of Skill In the Psychological Bulletin, 
and McGeoch's recent 1200-item bibliography on human learning in the 
January, 1933, Psychological Bulletin 

One last comment might be made apropos of the general evaluation of 
Dunlap’s contributions to learning The present book tends to create 
the impression that other psychologists have gencially held the view that 
learning comes about through the repetition of the act to be learned, and 
that Dunlap’s work has been the first effective challenge of this old doctrine 
The reviewer is inclined to accept a somewhat moie conservative view 
It is only in some of the theoretical discussions of learning (and particu- 
laily, when under the spell of the theory of paths of lowered synaptic 
resistance) that we have very often forgotten about the fact of change of 
response with practice For such theoretical discussions Dunlap’s work 
lias had a vitally clarifying influence In the discussion of all other phase9 
of learning, however, it has been tacitly or explicitly assumed that the 
response changes as learning proceeds, and that the nvay to bring about 
these changes as rapidly as possible ts through constant effort on the 
lcatner l s pari to make his response conform to some standard or ideal It 
does not appear that this fundamental principle has been altered at all by 
the contributions which Dunlap has made—at least to date his work in¬ 
dicates merely these two points (1) that in certain special cases where 
erroneous habits have been set up, learning may be facilitated by a 
digression to dispose of these unusual interfering factois, and (2) that 
sometimes the most effective way to dispose of such erroneous habits is by 
the special technique of negative practice which he has developed, 

Rojiert Leeper. 

University of Chicago 
ClncagOt Illinois 
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THE NORMAL SENSORY CONTROL OF THE PER¬ 
FECTED DOUBLE-ALTERNATION SPATIAL- 
MAZE HABIT OF THE ALBINO RAT * 1 

Fiom the Psychological Laboratoncs of Clark University 


Barry Casper 


I Introduction 

The widespread belief that all learned bcliavioi, including the 
most complex acquisitions of human beings, can be explained in 
teims of the thcoiy of conditioning requues a more solid experi¬ 
mental foundation The theoiy is based mainly upon results ob¬ 
tained with 1 datively simple behavior of such animals as the lat 
and the dog. One method of testing the geneial validity of this 
theoiy is to determine whether or not the mine complex behavior 
of these animals is explicable in such terms. Thus, one might raise 
the question, “Does the ability of the albino tat to tiaverse the 
maze without enor present characteristics which aie compatible 
with the theory of conditioning V* A pnmaiy step in the attempt 
to answer this question is the identification of the stimuli for those 
responses which constitute the pcifccted maze habit The identifi¬ 
cation of the precise stimuli involved is a task that has proved too 
difficult for investigation, but the pioblem of the determination of 
the sensoiy fields or modalities in which these stimuli lie has been 
attacked with considerable success It is with ccitain phases of 
this problem that the piesent investigation is concerned. 

At the present time three conflicting beliefs are held regarding 
the extent to which the vanous sense modalities arc involved in 
the maze situation One view, based mainly on the woik of Wat¬ 
son (24) and Carr and Watson (5), assumes that propnoccption 
is the only foim of stimulation necessary for the learning of the 
maze, and that the perfected maze habit is controlled by propno- 

•Accepted for publication by Waltci S Hunter of the Editorial Board 

1 This study was carried out under the direction of Professor W S. 
Hunter The author wishes to express his indebtedness to Professor 
Hunter for constant aid and helpful criticism in the prosecution of this 
research and in the preparation of this manuscript, 
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ception Another view, exemplified by that of Lashley and Ball 
(15)* assumes that no scnsoiy processes are necessary for the per¬ 
formance of the completed maze habit, but that this behavior is 
controlled by a "wholly central neuial mechanism ” The thud 
view, exemplified by that of Hunter (13), is that both the forma¬ 
tion of the maze habit and its execution after mastery are dependent 
upon a multiplicity of stimuli and receptoi modalities 

The existence of these diverse views is based upon an over-sim¬ 
plified conception of the general problem of the sensory contiol of 
the maze habit The lesults upon which these beliefs arc based, 
although different, arc not necessarily contradictory, because differ¬ 
ent problems within the general field have been investigated. The 
geneial problem of the scnsoiy control of the maze habit may be 
divided into the following specific problems (1) Which sense 
modalities are normally utilized m the P? ocess of learning® (2) 
Which sense modalities are necessary for learning® (3) Which 
sense modalities are normally utilized aftei the maze has been 

learned® (4) Which sense modalities are necessary for errorless 
performance after the maze has been learned® 

Two assumptions aie implied in this classification. (1) The 
sense modalities involved dunng the process of learning may be 
different from those involved after mastery, i. c,, during the prog- 
less of learning a shift in the sensory control may occur (2) A 
number of modalities may be involved during the process of learn¬ 
ing or after its completion; but, in the absensc of one or more of 
these modalities, sensory guidance through the remaining modalities 
is adequate for a normal learning rate or for errorless performance 
after mastery. The work of Bogardus and Henke (1) and Vin¬ 
cent (22) supplies some experimental justification for the first, 

and the work of Dennis and Portei (7), for the second, of these 
assumptions 

We believe, then, that the apparently contradictory conclusions 
drawn by previous investigators in the field of the sensoiy con¬ 
trol of the maze habit have really been answers to different ques¬ 
tions Which question was answered depends upon the method 

that was employed The method (used most frequently) of deter¬ 
mining the effect upon the rate of learning, or upon performance 
after mastery* of the elimination of individual modalities supplies 
data only for the problem of which modalities are necessary (or 
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unnecessary) To detemiine which modalities are normally uti¬ 
lized, when all are available, it is necessary to investigate the effect 
of the simultaneous elimination of vanous combinations of several 
modalities, to avoid the possibility that, in the absence of one 
modality, dependence upon those which remain will mask the 
extent to which this modality is utilized. 

In the light of this analysis, it is necessary to re-evaluate the 
contributions of pjevious investigations to the fourfold problem 
of the sensoiy conttol of the maze lmbit Classifying these inves¬ 
tigations accoiding to the specific pioblem to winch they contributed, 
wc find the following 

1 The sense modalities necessary fo? the acquisition of the 
maze habit, 01 for errorless petfoimance after mastery In gen- 
eial, the elimination 01 1 eduction of the possibility of receiving 
eithei visual, olfactory, auditoiy, cutaneous, 01 piopnoceptive stimu¬ 
lation, alone, has not pi evented animals fi om acquiring the maze 
habit, or fiom 1 c-acquiring it if the habit was disturbed This 
conclusion is based upon the work of Watson (24) (vision, audi¬ 
tion, olfaction, and cutaneous sensitivity), Can (2-4) and Lind- 
Icy (17) (vision and olfaction) ; Lashlcy and Ball (15) (vision 
and piopnoception) ; Liggett (16) (olfaction); Weaver and Stone 
(25), Huntei (11), and Dennis (6) ( vision) , and Dorcus and 
Gray (8) and Ingebritsen (14) (proprioception). Walton (23) 
found that rats could master a maze in which the sole basis for 
correct choices was a diffeicncc in visual brightness Honzik (10) 
found that a maze could be mastered in the absence of all con¬ 
stant exteroceptive stimulation. After a high degree of accuracy 
had been leached m a maze whose units were constantly inter¬ 
changed, paits of the maze were eliminated by the use of short-cuts. 
The facts that Honzik’s animals made cirois in the units beyond 
the short-cuts and that carrying the animal to the pait of the maze 
beyond the shoit-cut increased the numbei of crrois, however, 
leave open the possibility that the degree of accuiacy shown in 
the shoit-cut trials was dependent upon piopnoceptive stimulation 
resulting from the movements of the animals fiom the starting-box 
to the beginning of the short-cuts and from exploratory move¬ 
ments through the early parts of the maze beyond the short-cut. 

2* The Sense modalities normally involved in the acquisition 
of the maze habit The work of Vincent (21) indicates that 
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vision and cutaneous sensitivity are utilized in the elevated-maze 
habit The work of Bogaidus and Henke (1) and Dennis (6) 
indicates that cutaneous sensitivity is utilized in the standard type 
of maze habit The woik of Liggett (16) and Lindley (17) 
indicates that olfaction is utilized. Of special interest for our 
suggestion that the effect produced by the elimination of a single 
modality is not a satisfactory measure of the extent to which this 
modality is normally utilized are the results of Vincent (21), 
Carr (4), and Lindley (17) Vincent (21) found that the ie- 
taidation of learning produced by the simultaneous elimination of 
the eyes and the vibnssae was much greatei than the sum of the 
retardations pioduced by the elimination of the eyes and the vi- 
brissae individually This suggests that the eyes and the vibnssae 
were involved to a gi eater extent than the effect produced by the 
elimination of either alone would indicate, i e., that, in the absence 
of one modality, dependence upon the other masked the extent to 
which the former was utilized Similarly, Carr (4) and Lindley 
(17) found that the elimination of vision alone had no effect upon 
learning peifoimance, but that the elimination of both vision and 
olfaction produced a much greater disturbance than did the elim¬ 
ination of olfaction alone* This suggests that the elimination of 
vision alone did not letaid learning because both vision and olfac¬ 
tion were normally utilized, and, in the absence of vision, the 
animals utilized olfaction The results of these three investigators 
strengthen our belief that the absence of an effect following the 
elimination of a single modality is not satisfactory evidence that 
tins modality is not normally utilized, 

3. The sense modalities normally utilized after the maze has 
been masteied ♦ The woik of Watson (24), in which one of four 
normal animals who had been tiamed in the light was badly con¬ 
fused when tested in darkness, indicates that at least some animals 
utilized vision, The disturbance of his animals by the rotation 
of the maze indicates that some undetermined exteroceptive modal¬ 
ity may have been utilized. The fact that Carr and Watson’s 
animals (5) were distuibed by shortening and lengthening of the 
maze suggests that some sense modality, or modalities, were util¬ 
ized, Whether these were exteroceptive or piopiioceptive was not 
satisfactorily determined* The work of Carr (2-4) suggests, upon 
the basis of the analysis presented in the preceding paragraph, that 
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vision and olfaction weic utilized. The work of Higginson (9), 
Valentine (20), and Patrick and Anderson (18) indicates that 
some undetermined exteroceptive modalities were involved* The 
results of Lashley and Ball (15) and Tryon (19) indicate that 
vision was utilized The results of Hunter (12) and Honzik 
(10) indicate that some non-visual modality, or modalities, were 
utilized by blind animals on the elevated maze. 

In summary, the following general statements may be made 
concerning the contributions of previous investigations (1) No 
single sense modality is necessaiy for the acquisition of the stand¬ 
ard maze habit (2) Only rarely is an animal dependent upon 
any single modality foi criorless peiformance after mastery. (3) 
Vision, olfaction, and cutaneous sensitivity probably are normally 
utilized in the acquisition of the maze habit. (4) Some sense 
modalities are noimally employed after the maze has been mastered. 
Theii identity, and the extent to which each is employed, has not 
been satisfactorily determined, although the results point to vision, 
olfaction, and proprioception. (5) The effect produced by the 
elimination of a single modality is not a satisfactory measure of 
the extent to which this modality is noimally utilized. (6) There 
is some individual variation in the extent to winch individual 
modalties aie normally utilized, depending, piesumably, upon the 
sensory acuity of the animal and the natuic of the maze situation. 

II. Prodlem 

It is apparent that little that is definite is known concerning 
the extent to which each sense modality is normally employed after 
the maze habit has been acquired It is with this aspect of the 
general problem of the sensory contiol of the maze habit that the 
present investigation is concerned Specifically, the present study 
is an attempt to evaluate the extent to which the albino rat is 
normally dependent upon vision, olfaction, audition, and proprio¬ 
ception foi enoilcss performance in the double-alternation spatial 
maze after mastery has been attained 

III. Procedure 

A General . The procedure employed in the present study was 
designed to test the theory that the normal sensory control of the 
maze habit is multiple, and that, after any one modality is elimi- 
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natcd, dependence upon the modalities which remain will mask the 
extent to which the eliminated modality was utilized when it was 
available. Noimal animals were first trained on a 9-unit double¬ 
alternation maze After the enteuon of mastery was reached, 
vision, olfaction, and audition, singly and in combination, were 
eliminated by means of operations upon the animals In older 
to measuie the extent to which the eliminated modalities had been 
utilized, the animals were then tested upon the same maze that 
had been learned under normal conditions. To test the possibility 
that those animals that were not disturbed by the elimination of 
particular single modalities were utilizing other modalities, addi¬ 
tional modalities were eliminated from these animals, who were 
then tested again upon the maze. An additional gioup of normal 
animals was trained on the maze and was then tested on a maze 
of the same pattern, but from which it was believed that all con¬ 
stant exteioccptive stimulation was eliminated by means of rotation 
of the maze and by the interchange and lotation of its units after 
each trial This last group was used to compare the effect pro¬ 
duced by the simultaneous elimination of all exteroceptive stimuli 
which may have been used as directive cues during original learn¬ 
ing (by means of manipulation of the animal*s environment) with 
the effect produced by the simultaneous elimination of vision, olfac¬ 
tion, and audition by means of opeiations upon the animal 

B Apparatus Small wooden boxes, 15" long, 4” wide, and 
4" high, served as individual living-cages The bottom, side walls, 
and real wall were constructed of wood. The top was covered 
with wire mesh, hinged at one side. The floor consisted of 

YY wire mesh. A removable metal pan was placed between this 
wire floor and the wooden bottom to receive the animal’s excretions 
A wooden door m the front part of the cage lested in veitical 
grooves and could be moved in the vertical plane. 

A long runway, 81" long, 4" high, and 4" wide, was used for 
preliminaiv training trials. The wooden sides and floor of this 
runway were painted a dull flat black The top was covered with 
y.** wire mesh Doors to pievent retiacing (which were em¬ 
ployed in the maze) weie not used in the preliminary runway 
The 9-unit T-shaped double-alternation maze shown in Figuie 
1, Maze I t was constructed of a senes of identical separate units. 
(In Figure 1, the rectangle H1JK represents one unit ) The turns 
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FIGURE- 1 
Flan of Maze I 

■ST?—Starting-box maze) 

/>—Partition which shut off shaded L —Lamps which illuminated maze 

portion of first unit of maze FB—Favd box 
(the shaded portion of the TIlJK— One unit of the maze (the 

first unit was not part of second) 

the maze) 1> 2, 3 , etc indicate the vanous 

RD —Doors used to limit retrac- units of the maze 

mg (shown raised to top of 

required after the maze had been entered were* right, light, left, 
left, light, light, left, and left The distance to be traversed 
between each turn was 15", The wooden sides and floor of the 
maze wcic painted a dull flat black The top was covered with 
)/z wire mesh Wiie-mcsh doois, hinged to the top of the maze 
just be 3 r ond the tiue-path segment of each unit, were used to 
limit retiacmg to a distance equal to the length of the true path 
segment of one unit, 15'" Maze I was located on the floor of a 
relatively sound-pi oof loom, where the pi cl im in ary i unway was 
also placed 

Maze II was identical with Maze I It was placed on a plat¬ 
form which could be rotated, dncctly above Maze I The fact 
that each of these two mazes was constructed of nine identical 
separable units made it possible to intetchange any single unit with 
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any othei unit of the maze without altering the pattern. The 
fact that the length of the true-path segment of each unit was 
the same as the length of the blind-alley segment also made it pos- 
sible to rotate each unit thiough 180° (to interchange the true- 
path and blind-alley segments of each unit), again without altci- 
ing the pattern of the maze. Although such vacations were pos¬ 
sible with both mazes, the changes weie made only with Maze II. 

An elecdic buzzet of low pitch and moderate intensity was 
placed on the flooi in one corner of the room The intensity of 
the sound of the buzzer was not gieater than that of sounds oidi- 
narily present in the maze situation This buzzer was used to 
provide the animal with approximately the same opportunity to 
use auditory stimuli which the typical maze situation affoids Five 
15-watt lamps were distubuted above each maze so as to illumi¬ 
nate vanous paits of the maze with fairly uniform intensity. The 
distnbution of the lamps was the same for both mazes. No fur¬ 
ther attempt was made to eliminate shadows. The doors of the 
starting- and food boxes, and the doois used to limit rctiacing in 
the maze, were controlled by a string-pulley airangement from 
outside the experimental room The experimenter was stationed 
outside the experimental room and observed the animals through 
a window in the door, 

C. Animals and Opeiative Procedure The albino rats wcie 
closely inbied descendants of the Wistar experimental stock Be¬ 
cause animals of the desired age weie not available at the time 
needed, a small additional gioup of animals (those tested on Maze 
II) was obtained directly from the Wistar Institute. The total 
number of animals employed in this investigation was 157, of 
which 84 weie male and 73 female. The average age of the 
animals at the time experimentation with each animal was begun 
was 186 4 days, with a range of 119-260 days. 

The operative procedure by means of which vision and olfaction 
were eliminated and audition impaired was like that commonly 
employed in investigations in the field of the sensory control of 
the maze habit (1) Vision was eliminated by the removal of 
the entire eyeball. (2) Olfaction was eliminated by an operation 
in which the oifactoiy bulbs were severed from their attachments 
to the olfactory tracts. This opciation involved the removal of 
the hair from the top of the head, a longitudinal incision in the 
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skin above the skull, removal of a disc of bone fiom the skull just 
above the olfactory bulbs, a transverse cut through the olfactory 
bulbs, lemoval of the olfactory tissue anterior to the cut, and 
several sutures in the skin which had been cut. No diessing was 
applied to the cut suifaces (3) Audition was impaired bv means 
of an opeiation in which the skin below the external auditoiy 
meatus was slit, the tympanic mcmbiane punctuied with a probe, 
the system of ossicles in the middle ear disconnected from its at¬ 
tachments to the tympanic membrane and the innci ear, the middle 
cai filled with melted paraffine (which immediately solidified since 
the melting point was 53 C), and the cut skm sewed together 
(4) An olfactory contiol opeiation was pci formed on one gioup 
of animals as a partial control foi possible shock resulting fiom 
the olfactory operation This opeiation was <i lcpctition of the 
olfactory operation except that the knife was not inserted into 
the ncuial tissue After the disc of bone was removed, the flaps 
of skin weic sewed together (5) An auditory control operation 
was peiformed on one gioup of animals as a partial contiol for 
possible shock lcsulting from the auditoiy operation. This opeia¬ 
tion was a repetition of the auditory opeiation up to the point 
where the probe was inseited into the tympanic membrane. Aftei 
the skin had been slit, the flaps were sewed together. 

All operations were performed under deep ether anaesthesia. 
Although conditions weie not entnely aseptic, precautions were 
taken to minimize the likelihood of infection, All instruments 
were sterilized in a germicidal solution, the cloth upon which the 
opeiations were pei formed was sterilized by heating under steam 
pressure, and all cut surfaces on the animal were thoroughly washed 
with the geimicidal solution That success attended these pre¬ 
cautions is indicated by the fact that, of a total of approximately 
225 operations, only 14 cases of infection were revealed by autopsy 
It is obvious that the olfactoiy and auditory control operations 
offered only partial controls foi possible shock effects of the olfac¬ 
tory and auditory opeiations Howevei, the fact that the completed 
operations had no effect upon the accuracy of maze performance 
showed that these contiols had been unnecessary 
D , Detailed Tunning and Re tunning Proceduie 

1 Experimental groups All animals weie first trained on 
Maze I until the criterion of mastery, 9 errorless trials out of 10 
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successive trials, had been reached After the learning criterion had 
been attained, each anuml jeccived 5 additional trials, to increase 
the thoroughness with which the maze was learned. (Duiing 
this onginal training series, all animals were noimal, i e, no opera¬ 
tions had been performed upon them ) Dining the succeeding 
period of seven days the animals were divided into 8 gioups, 2 and 
eacli gioup was subjected to a difieient type of treatment. (1) 
Gioup 1, used as a noimal control, was rested (2) Group 2 was 
blinded (3) Group 3 was made anosmic (4) Group 4 was 
made deaf. (5) Gioup 5 was made both blind and anosmic. (6) 
Group 6 was made blind, anosmic, and deaf. (7) The olfactoiy 
control opciation was performed on Group 7. (8) The auditory 

control opeiation was performed on Gioup 8 Seven days aftei 
the last trial of the original tianung senes, retiaining of Groups 
1-8 on Maze I was begun. If letention was not peifect, letiaming 
was continued until the maze was relearned or until at least 30 
retraining trials had been given (Since the maze was onginally 
learned in an average of 33 trials, this number of retiaining trials 
seemed sufficient,) Animals m the olfactoiy contiol and auditory 
control gioups weie discaided after they had relearned, or after 
they had received at least 30 retiainmg tiials. Because all of the 
exteroceptive modalities with which this investigation is concerned 
had been eliminated from animals in the blmd-anosmic-deaf group 
(Gioup 6), animals in this group were discaided after they had 
relearned, or after they had received at least 30 retraining trials. 
Since this investigation is concerned with the sensory control of 
the perfected maze habit, furthei work was done only with those 
animals in the remaining groups that iclearned the maze 

The procedure described below was now initiated in order to 
test the hypothesis that the absence of disturbance following the 
elimination of individual modalities was due to the animal’s de¬ 
pendence upon those modalities which remained. From among 
the animals in the normal, blind, anosmic, deaf, and blind-anosmic 
groups that leleained, additional experimental groups weie con¬ 
stituted During an interval of seven days after relearning by 
these gioups was completed, normal animals (now called Gioup 
9) were rested, blind animals (now called Group 10) were made 
anosmic, anosmic animals (now called Group 11) were made 


*For method of selection see page 251 
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blind, deaf animals (now called Group 12) weie made blind * and 
blind-anosmic animals (now called Group 13) were made deaf. 
At the conclusion of the period of seven days, all of the animals 
in Groups 9-13 weie ictrained a second time on Maze I. Those 
animals in Gioups 9-12 that failed to lelcarn a second time within 
nppioximatcly 30 tnals were discarded. Since all of the extero¬ 
ceptive modalities with which this investigation is concerned had 
been alieady eliminated from animals in Group 13, animals in this 
group weie discarded after they had relearned or after they had 
received at least 30 retraining tnals Fiom those animals in 
Gioups 9-12 that did i cleat n a second time, additional groups were 
constituted. Dining an inteival of seven days after the completion 
of the second icleatning of these gioups, the normal animals (now 
called Gioup 14) weie lested ; the blind-and-thcn-aiiosmic animals 
(now called Gioup 15) weie made deaf, the anosmic-and-thcn- 
blind animals (now called Group 16) were made deaf, and the 
dcaf-and-then-blind animals (now called Group 17) weie made 
anosmic At the conclusion of the period of seven days, all of 
the animals in Gioups 14-17 were ictiamcd a third time on 
Maze I. 

Group 18 was composed of nonnal animals who were originally 
trained on Maze I Dunng an interval of seven days after the 
completion of oiiginnl learning, these animals weie rested At the 
end of this interval, retiaining was begun on Maze II (from 
which it was believed that all constant exteroceptive stimulation 
was eliminated bv rotation of the maze and by the intei change and 
rotation of its units after each tiial), and continued until the maze 
was learned, or until at least 30 trials had been given. 

The total procedure desciibed above is summaiized in Table 1 
(It is to be understood that only those animals in Groups 1-17 
that relearned Maze I weie tested fui tiler ) The pm poses served 
by the v&c of each of tboso 18 oxponmcntzl groups w\U bo indicated 
in the section devoted to the interpietation of results 

Nineteen animals m each of the eight basic experimental groups 
completed the oiigmal learning of Maze I. Of these, the lesults 
of thiee each in the anosmic, bhnd-anosmic, and olfactory control 
groups, and the results of two in the blind-anosmic-dcaf group were 
discaidcd because autopsy revealed that an undesired effect had been 
produced bv the operations One animal in the blind-anosmic-dcaf 
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gioup died dm mg the auditoiy opeiatton because of an overdose 
of anaesthetic Thus the final numbers of animals in each of the 
basic groups were 19 each in the normal control, blind, deaf, and 
auditory control gioups, and 16 each in the anosmic, blind-anosmic, 
blind-anosmic-deaf, and olfactory contiol groups. Theie were 17 
animals in Group 18 

2 Selection of gioups Expci indentation was begun with a 
group of 8 animals, each of the 8 basic experimental gioups being 
lepresented by one animal, An animal was aibitrarily designated 
as a membei of one of the 8 groups bcfoie expenmentation was 
begun Whencvci new animals were used, they wcie added in 
similai groups of 8 In so fai as possible, a gioup of 8 animals was 
reunited from a single littci. This piocedurc may be regarded 
as essentially a senes of lepetitions of the entire experiment, eacli 
repetition adding one animal to each of the 8 basic gioups. Any 
slight changes in experimental technique resulting from practice by 
the experimenter, oi any other piogiessive factois picsent during 
the progress of the experiment would thus affect all of the groups 
equally Because of the numbei of inteicompausons between gioups 
which this investigation involves, it was desirable to have the sev¬ 
eral groups as nearly alike as possible in original general ability. 

3, Ti aimng pioceduie Aftei an animal had been selected 
as a subject it was weighed and isolated in an individual living-cage 
For approximately the first half of the entire experiment this 
pieliminary isolation pciiod was 24 hours; for the remainder it 
was 48 hours The absence of food during this period of isolation 
served to motivate the animal Water was always available Ten 
trials, five on each of the following two days, were then given on 
the preliminaiy runway to accustom the animals to the general 
piocedurc to be employed during training on the maze. Just before 
the first trial of each day, the individual cage containing the hungry 
animal was transfened to one end of the pieliminary runway At 
the other end of the runway was a similar cage containing a small 
pellet of milk-soaked bread, Immediately after the animal had 
tiaversed the runway and eaten the pellet, the cage containing the 
animal was transferred to the fiont end of the runway, and the 
living-cage which had been the stai ting-box was transferred to 
the other end for the beginning of the second trial, This pro¬ 
cedure was duplicated dunng the three succeeding trials By its 
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group died during the auditory opeiation because of an overdose 
of anaesthetic. Thus the final numbers of animals in each of the 
basic gioups weie 19 each in the noimal control, blind, deaf, and 
auditoiy control gioups, and 16 each in the anosmic, bhnd-anosmic, 
blmd-anosmic-deaf, and olfactory control groups Theie were 17 
animals in Gioup 18. 

2. Selection of gioups . Experimentation was begun with a 
group of 8 animals, each of the 8 basic experimental groups being 
represented by one animal. An animal was arbitrarily designated 
as a membei of one of the 8 groups befoie experimentation was 
begun Whenever new animals were used, they weie added in 
similai groups of 8 In so fai as possible, a gioup of 8 animals was 
rcci uitcd fiom a single littei This piocedure may be regarded 
as essentially a series of repetitions of the entire experiment, each 
repetition adding one animal to each of the 8 basic groups Any 
slight changes in experimental technique resulting from practice by 
the experimenter, oi any othei progiessive factois present during 
the progiess of the cxpci imcnt would thus affect all of the groups 
equally Because of the numbci of inteicoinpaiisons between gioups 
which this investigation involves, it was desirable to have the sev- 
eral groups as neaily alike as possible in original general ability. 

3. Ttaming procedine After an animal had been selected 
as a subject it was weighed and isolated in an individual living-cage 
For approximately the first half of the entile experiment this 
preliminary isolation period was 24 hours; for the lemamder it 
was 48 hours. The absence of food dunng this peiiod of isolation 
served to motivate the animal Water was always available. Ten 
tnals, five on each of the following two days, were then given on 
the preliminary runway to accustom the animals to the general 
piocedure to be employed during training on the maze Just before 
the first trial of each day, the individual cage containing the hungry 
animal was transferred to one end of the pielimmary runway. At 
the other end of the l unway was a similai cage containing a small 
pellet of milk-soaked bread Immediately after the animal had 
tiaversed the runway and eaten the pellet, the cage containing the 
animal was transferred to the front end of the runway, and the 
living-cage which had been the starting-box was transferied to 
the other end for the beginning of the second trial. This pro¬ 
cedure was duplicated durtng the three succeeding trials. By its 
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use, the living-cage served as starting-box during some trials and 
as food box during other trials. Handling of the animal ms thus 
unnecessary at any time during training. At the end of the fifth 
tual the animal found a relatively large quantity of milk-soaked 
bread, supplemented on alternate days with bits of apple Immedi¬ 
ately after the completion of the fifth trial the cage containing the 
animal was tiansfeired to a small room adjacent to the experimental 
room, wheie the animal remained until the beginning of the next 
five trials, 24 hours later. Excess food was removed 25 minutes 
after the completion of the fifth tual Cate was taken to keep the 
tempciature of the room which housed the experimental animals, 
and the experimental room, at 75° F. 

Twenty-four hours after the tenth tual on the iunway, when, 
With laic exceptions, the animals ran to the food box immediately 
after the door of the starting-box was opened, tiaining tnals on 
the maze were begun. Five trials were given each day until the 
criterion of mastery, 9 errorless trials out of 10 successive trials, 
was leached Five additional tnals weie given, to increase the 
thoroughness with which the maze was mastered Entrance into 
a blind alley, or, after emergence fiom a blind alley, entiance into 
the true-path segment of a unit while oriented towaid the stai ting- 
box (to a distance equal to the body length of the animal), was 
regarded as an cnor. The wire-mesh doors just beyond the entiance 
to the true-path segment of each unit (see Figure 1) were lowered 
immediately after the true-path segment of each unit was entered 
In this way retiacing was limited to 15", the length of the true-path 
segment of one unit, 

Seven days after the last trial of the original learning sciics, 
retraining of the 8 basic groups was begun on Maze I. During 
this interval of seven days the 8 gioups were treated in the mannei 
described below. Twenty-four hours after the normal control ani¬ 
mals (Gioup 1) had completed learning, they were weighed and 
returned to theii individual livmg-cages where they remained for 
six more days During this period they were permitted to eat foi 
25 minutes each day, at the time of day when they ordinalily 
received their trials on the maze At the end of this period, re¬ 
training tiials weie begun and continued until the maze was re¬ 
learned or until at least 30 trials had been given (In the retrain¬ 
ing of all groups, retraining was continued until the maze was 
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relearned or until 30 trials had been given If, after 30 trials, 
enois were being made consistently, retraining was stopped. If 
eirors were inficquent aftei 30 trials, retraining was continued for 
from 5 to 30 additional trials, until the maze was relearned oi 
until the persistence of errors convinced the expeumentcr that the 
ciitenon would not be leached readily, at which time rctiammg 
was stopped.) 

The blind, anosmic, blind-anosmia, and olfactory contiol gioups 
were tieatcd exactly as was the noimal control group, except that, 
in addition to being weighed, the vanous operations were performed 
24 hours after the completion of the onginal training series Ani¬ 
mals in the blind-anosnuc-dcaf group were made blind and anosmic 
one day after the completion of onginal learning, and they were 
made deaf thicc days after the completion of onginal training The 
leasons for allowing only foui days between the auditory opciation 
and the beginning of regaining are presented below. 

Tests conducted with animals upon whom the auditoiy operation 
was performed indicated that these animals weie almost completely 
insensitive to sounds for approximately seven days aftei the com¬ 
pletion of the operation, After approximately seven days, however 
there was evidence of some responsiveness to sounds, although this 
responsiveness was slight compared with that of noimal animals 
Because of this paitial recoveiy duiing the interval of seven days, 
the auditory operations, whenever made, were performed three 
days after the completion of learning (or relearning). The first 
retraining tuals were thus given when any lecovery of auditory 
sensitivity was slight, Examination of the animals seven days after 
the auditoiy operation, when auditory sensitivity had increased some- 
what, lcvealcd that in many cases the paiaffine with which the 
middle eai had been filled had disappeared. Because of the likeli¬ 
hood that the loss of this paraffine was responsible for the slight 
mcieasc in auditoiy sensitivity, the middle cais of deaf animals who 
were blinded (Group 12) were filled with paraffine a second time, 
four days pnoi to the beginning of the second ictraining senes 
Similarly, the middle ears of deaf-and-then-blind-and-then-anosmic 
animals (Group 17) were filled with paraffine a thiid time, foui 
days piior to the beginning of the third retraining series It is 
evident that the auditory operation did not completely eliminate 
the possibility of receiving auditory stimuli, but for convenience the 
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animals upon whom this operation was performed are termed 
"deaf.” 

Relatively gross autopsies were made upon animals upon whom 
the olfactoiy and the olfactory control opeiations were peiformcd. 
Regarding the olfactory operation, three points were investigated: 
(1) whether the olfactory neural tissue had been only partially 
severed, (2) whether the frontal lobes had been cut; and (3) 
whether infection had developed anywhere. Positive findings on 
any one of these points led to the discarding of the lecords for the 
animal concerned. 

Weight, as a gross measure of the general condition of health 
of the animal, was determined before the original training on the 
maze, after original learning, aftei each relearning, and after the 
last relearning. 

IV. Results 

The experimental results will be presented in the following ordei: 
(I) original similauty between each of the eight basic groups 
(Groups 1-8); (2) first relearning performances of these groups, 
(3) second relearning performances of Groups 943; (4) third re¬ 
learning performances of Gioups 14-17; (5) the performance of 
Group 18 on Maze II; and (6) a comparison between the effect, 
upon the accuracy of maze pcifoimance, of the elimination of 
individual sense modalities from normal animals and the effect of 
the elimination of the same modalities from defective animals 

A, Original Similauiy betiueen the 8 Basic Evpei mental 
Gtoups. The degree of original similarity between the groups, as 
measured by litter identity, age, distribution of sex, and original 
learning scores, is indicated in Tables 2 and 3. Table 2 presents 
the degree to which the ideal of split-litter distribution among the 
several groups was approached. 8 Each group was compared with 
every othei group, and the number of animals in any two groups 
who were members of the same litters was determined Thus in 
Table 2, "12 V” in column "N n means that 12 animals in Group 
V and 12 animals in Group N belonged to the same litters. ("19 V” 

a In Table 2, and wherever the symbols appear, JV refers to the normal 
control group, V > to the blind gioup, 0, to the anosmlc gioup , A, to the deaf 
group; OV, to the blind-anosnnc group, OVA, to the bhnd-nno9imc-deaf 
group; Ocoti, to the olfactory control group, and Aeon, to the auditory 
control group 
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Litter Identity between Groups 

(See text for explanation) 
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in column il N” would mean that each of the 19 animals in Group 
V had a litter mate in Gioup N ) The icmaining number-letter 
combinations m each column are to be mtei preted similarly. It 
is evident that the ideal of complete litter identity between each 
of the seveial groups was only appioxurated. But these data, 
together with the data on age, distiibution of sex, and original 
learning scores foi each group, contained in Table 3, indicate that 
the seveial gioups were originally sufficiently similar to each other 
so that subsequent differences in relearning pcrfoirnances aie attrib¬ 
utable to differences m tieatment during the interval of seven days 
between the completion of ongmal learning and the beginning of 
retraining. 

-Z?, First Relearning Performances of Groups 1-8 Table 4-8 
present data on the first lelcaining peifoimances of Groups 1-8 
The outstanding charactenstics of these lesults ate (1 ) the con¬ 
trast between the relearning performances of the noimal, blind, 
anosmic, and deaf gioups, on the one hand, and the relearning per¬ 
formances of the bhntl-anosmic and the blind-anosmic-deaf groups, 
on the other hand; and (2) the failuie of some animals in certain 
of these groups to leleain. 

Table 4 shows that all of the 19 normal control animals relearned, 
making a median of 1 2 eiiors arid requiring a median of 1.5 trials 
Of the 19 blind animals, iclearned, making a median of 2 0 
eiroTs and requiring a median of 1.5 tnals. The two blind animals 
that failed to relearn made a median of 23 0 errors during their 
first 30 renaming trials. Of the 16 anosnuc animals, 14 lclcanied, 
making a median of 5 5 eirors and requiring a median, of 8.5 trials 
The two anosnuc animals that failed to leleain made a median 
of 40 5 errors during their first 30 retraining trials Of the 19 
deaf animals, 18 lelcarned, making a median of 2 5 errors and 
requiring a median of 2 0 trials The one deaf animal that failed 
to relearn made 19 errors during its first 30 letraining trials 

The relearning peifoimances of the bimd-anosmic and the blind- 
anosmic-deaf animals offer a sharp conti ast with the relearning per¬ 
formances of the above groups. Of the 16 blind-anosmic animals, 
only 6 relearned, making a median of 33 5 errors and requiring a 
median of 13.5 trials. The 10 blind-anosmic animals that failed 
to relearn made a median of 113 0 errors during their first 30 
retraining trials Of the 16 blmd-anosinic-deaf animals, only 6 
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relearned, making a median of 26.0 errors and requiring a median 
of 19 5 trials The 10 blind-anosmic-deaf animals that failed to 
i el earn made a median of 138.0 cirors during their fust 30 retrain¬ 
ing trials 

All of the animals in all of the above gioups received at least 
10 regaining trials. The ciroi scoies for the first 10 retraining 
trials of each group thus pi ovule a duect comparison between the 
relearning perioimances of all animals in each group, those that 
relearned and those that failed to relearn. Table 5 presents median 
error scores foi the first 10 retraining tiials of all animals in each 
group, 

TABLE 5 

First Rei.earning Performance a or Groups 1-8—Total Errors 
First Tsn Retraining Trials 
(All animals) 


Group 

Median 

<r me<1 

N 

2+2 

,52 

V 

3 SO 

1,19 

0 

5.67 

221 

Ocoti 

2 75 

.70 

A 

3 17 

100 

Aeon 

2.90 

56 

OV 

42,50 

5 10 

OVA 

+5 50 

6 31 


These results, like those previously presented, indicate a marked 
similarity between the relearning peiformances of normal, blind, 
anosmic, and deaf animals, and a mailced diffeience between the 
lelearning perfoimanccs of these animals and the lelcarning per¬ 
formances of blind-anosmic and blind-anosmic-deaf animals, Thus, 
while the median error scoies for the fiist 10 letraining trials of nor¬ 
mal, blind, anosmic, and deaf animals were 2 4, 3.5, 5.7, and 3 2, re¬ 
spectively, the median enoi scoies for the blind-anosmic and the 
blind-anosmic-deaf animals were 42.5 and 45.5, respectively. Table 
6 (which contains critical ratios for differences between the error 
scores foi the first 10 regaining trials of all of the 18 experimental 
groups) shows that the small differences between the erior scores for 
the normal, blind, anosmic, and deaf animals were not statistically 
reliable, while the large differences between the error scores foi these 
groups and the error scores foi the blind-anosmic and blind-anosmic- 
deaf animals were highly reliable. 
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It is possible to make a duect comparison between the relearn- 
ing perfoimances of each group in terms of all of the retraining 
trials of all of the animals in each group. Since those animals that 
failed to 1 el earn ieceLved at least 30 retraining trtals ) the number 
of errors made by each animal duting its first (actual or hypothet¬ 
ical) 30 renaming timis has been determined. For those animals 
that relearned witlun less than 30 trials, a hypothetical 30-tual 
erioi score was computed as follows It was assumed that after 
these animals had relearned within less than 30 trials, if additional 
trials had been given, the average error per trial would have been 
the same as the average error per trial for the last 5 trials of the 
original learning serieSj aftei the original learning ciitenon had 
been reached. This was found to be 20 erroi per trial To deter¬ 
mine the total number of errors for 30 letraining trials of those 
animals that relearned within less than 30 tiials, the product of .20 
and the difference between 30 and the number of retraining trials 
actually given was added to the number of enors made during 
the letraimng trials actually given. For example, if a blind animal 
required 12 trials to lelearn the maze, and made 4 eirors, it was 
assumed that if additional trials had been given, this animal would 
have made an average of .20 error for each of the 18 additional 
trials. The hypothetical 30-trial enor scoie for this animal would 
be 4 plus 18 times 20, or 7 6 errors Whenevei data arc presented 
on (i errors for the first 30 retraining trials 11 of animals that relearned 
within less than 30 trials, they refer to the hypothetical 30-trial 
error scoies of these animals. The validity of this method of com¬ 
puting a “30-tnal error score” depends upon the validity of the 
assumptions that (1) the dcgice of skill attained aftei the maze 
was leleanted was the same as the degree of skill attained after the 
maze was o ngmalh learned, and (2), after the same degree had 
been attained, accuracy of performance during succeeding trials 
would be the same in both cases. These assumptions seem reason¬ 
able. Since the original learning of the maze (for all of the ex¬ 
perimental animals) required, on the average, 33 trials, an addi¬ 
tional advantage of this method of presenting the relearning data 
is to provide a more direct companson between the original and the 
relearning performances of each group. 

Table 7 presents the median error scoies foi the first 30 retrain¬ 
ing trials of each group. Again it is seen (1) that the relearning 



NORMAL SENSORY CONTROL Or MAZE HABIT 


261 


TABLE 7 

First Relearning Performances or Groups 1-S — Total Errors 
First 30 Retraining Trials 
(All animals) 


Group 

Median 

ff mnl 

N 

62 

76 

V 

76 

2.15 

O 

11 7 

3 15 

Ocon 

6 7 

80 

A 

74 

1 58 

Aeon 

66 

83 

OV 

71 5 

16 46 

OVA 

85 0 

18 27 


performances of the normal, blind, anosmic, and deaf groups were 
markedly similar to each other, and (2) that the ldcarning per¬ 
formances of the blind-anosmic and the blind-anosmic-dcaf groups 
were markedly inferior to the former Thus, while the median 
error scores foi the normal, blind, anosmic, and deaf gioups were 
6 2, 7 6, 11 7, and 7,4, lespccuvely, the median cnor scores for the 
blind-anosmic and blmd-anosmic-dcaf groups wcie 71 5 and 85.0, 
respectively. Table 8 (which presents critical ratios for the differ¬ 
ences between the median cnoi scores for the fiist 30 retraining 
trials of all of the 18 experimental groups) shows that the small 
differences between the error scores for the normal, blind, anosmic, 
and deaf groups were not statistically reliable, while the large dif¬ 
ferences between the scores for these groups and the scores for the 
blmd-anosmic and blind-nnosmic-dcaf groups weie highly reliable. 

The median eiror score for the first 30 letraimng trials of the 
normal contiol gioup was 6 2, with a standaid deviation of 8. 
Three of the 19 blind animals, 5 of the 16 anosmic animals, and 2 
of the 19 deaf animals made erroi scoies for the first 30 retraining 
ti inis which were significantly larger than the median for the normal 
control gioup On the othci hand, 15 of the 16 bhnd-anosmic 
animals, and 15 of the 16 blind-anosmic-deaf animals, made error 
scores for the fiist 30 retraining trials which were significantly 
larger than the median foi the normal control group 

The average number of tnals requited by all animals for original 
learning of the maze was 33. The average numbei of errors made 
was 45 Of all of the normal, blind, anosmic, and deaf animals, 
only one anosmic animal, lepresenting 6 2% of the anosmic animals, 
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made more than 45 errois duung the iiist 30 retraining trials, i. e., 
lost the habit completely On the other hand, 62.5% of the blind- 
anosmic animals and 75 0% of the blmd-anosmic-dcaf animals lost 
the habit completely, 

There was no significant difference between the relearning per¬ 
formance of the blind-anosnuc animals and the relearning perform¬ 
ance of the blind-anosmic-deaf animals The following facts sup¬ 
port this conclusion (1) Of the 16 animals in G? oup OV, only 
6 relearned, making a median of 33,5 errors and requiring a median 
of 13 5 trials The 10 animals in Group OV that failed to relearn 
made a median of 113 0 errors dunng the first 30 retaining trials, 
Of the 16 animals in Gioup OVAj only 6 relearned, making a 
median of 26 0 enors and requiring a median of 19.5 trials. The 
10 animals in Group OVA that failed to relearn made a median 
of 138.0 errors during the first 30 rctiaimng trials (2) The 
median enor scores foi the first 10 and the first 30 letraining trials 
of all of the animals in Group OV weie 42,5 and 71 5, respectively 
The corresponding scores for all of the animals in Group OVA 
were 45.5 and 85.0, respectively. Tables 6 and 8 show that the 
differences between these scores for the two groups weie not statis¬ 
tically reliable. 

This analysis leads to the following conclusions, (1) With a 
few exceptions in each group, the relearning performances of the 
bl\nd, the auostmc, and the. deaf animals 'were, nnt reliably different 
from the relearning performance of the normal control group. 
(These exceptions aie the 3 blind animals, the 5 anosmic animals, 
and the 2 deaf animals, whose error scores for the first 30 retrain¬ 
ing trials weie significantly larger than the median of the normal 
control gioup.) (2) With a single exception in each group, the 
relearning performances of the blind-anosmic and the blmd-anosmic- 
dcaf animals were markedly inferior to the relearning performance 
of the normal contiol group. (These exceptions are the one blind- 
anosmic animal and the one blind-anosmic-deaf animal whose error 
scores for the fiist 30 remaining tnals were not significantly larger 
than the median for the normal control group,) (3) The relearn¬ 
ing performance of the blind-anosmic-deaf animals was not signifi¬ 
cantly infciioi to the relearning performance of the blind-anosmic 
animals 

The fact that the relearning performances of animals upon whom 
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the olfactory and auditory operations were performed individually 
(Gioups 0 and A) were not inferior to the relearning perform¬ 
ance of the noimal control group indicates that the conti ols for 
possible shock effects from these operations (Groups Ocon and 
Aeon) were unnecessary This conclusion is further supported by 
the data in Tables 4-8, where it is shown that the relearning per¬ 
formances of the olfactory contiol and auditory control groups were 
not reliably diffeient from the relearning performance of the normal 
control group. We conclude, therefore, that, since the relearning 
performances of the anosmic:, deaf, olfactory control, and auditory 
contiol groups were not inferior to the lelcarning performance of 
the noimal contiol group, accuracy of maze performance was not 
affected by possible shock effects of the olfactoiy and auditory 
operations. 

An .analysis of the data on the relearning performances of those 
animals in Gioups 1-8 that faded to relearn leads to the following 
conclusions (1) In general, the animals that failed to lelearn were 
appioximately average in the rate of original learning of the maze. 
(2) Most of the animals that failed to relearn made at least some 
progress toward relearning The most marked progiess was made 
by the few animals in Groups V, O, A, and Aeon that failed to 
relearn; but even in Groups OV and OVA, where the disturbance 
was so great, half of the animals in each gioup showed some prog¬ 
ress, a few animals having almost completely eliminated errors dur¬ 
ing the last five retraining trials. It is probable that if retraining 
had been continued all of the animals that failed to relearn within 
the number of trials given would have relearned eventually (3) No 
partieulai eirors can be said to have prevented final relearning, since 
errors were made in all of the units of the maze during the last 
five retraining trials. 

C Second Relearning Peifonnances of Gioups 9-13 Tables 
9-11 present data oil the second lelearmng performances of Gioups 
9-13, whose retiaining trials weie begun seven days after the fust 
relearning senes had been completed 4 The outstanding character- 

*In these tables, and wherever the symbols are used, N->N refers to 
normal contiol animals who were lested after the first relearning, V-^O 
refers to blind animals who were made anosmic after the first relearning, 
refers to anosmic animals who were made blind after the first re¬ 
learning, A^V refers to deaf animals who were mode blind after the 
first relearning; and OV-^A refers to blind-anosmic animals who weie 
made deaf after the first relearning 
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istics of these results are (1) the contrast between the relearning 
performances of Groups N^N, A->V, and OV->A, on the one hand, 
and the relearning performances of Groups 0-»V and V^O, on 
the other hand; and (2) the failure of some animals in certain of 
these groups to relearn 

First, let us compare the second relearning performances of the 
several groups. Table 9 shows that all of tile 16 animals in Gioup 
N^>N relearned, making a median of 7 error and icquiring a 
median of 7 trial Of the 13 animals in Group A~>V J 11 relearned, 
making a median of 2 0 eriors and requiring a median of 2 0 tnals 
The two animals m Gioup A->V that failed to relearn made a 
median of 15 0 eriors duiing the first 30 retraining trials Of the 
6 animals in Group OV~>/l f all relearned, making a median of 1*0 
error and requiring a median of 1 0 trial 

Turning to Groups 0->V and V-^O, we find that their relearn¬ 
ing performances were markedly inferior to the relearning perform¬ 
ances of the above pioups. Of the 15 animals in Group O^V\ only 
9 relearned, making a median of 4.0 errors and requiring a median 
of 5 0 trials. The 6 animals in Group O^V that failed to relearn 
made a median of 132 5 errors during the first 30 retraining trials. 
Of the 12 animals in Group V^O, 10 relearned, making a median 
of 30 5 errors and requiring a median of 12 5 trials. The two 
animals in Group V~>0 that failed to relearn made a median of 
76 0 errors during the first 30 retraining trials. 

To piovide a direct comparison between the relearning perform¬ 
ances of all animals in each group, those that failed to relearn as 
well as those that relearned, error data on the first 10 retraining 
trials arc presented in Table 10. These data, like those pieviously 
presented, indicate a marked similarity between the relearning per¬ 
formances of Groups N^N, A->V, and OV^A, and a marked dif¬ 
ference between the relearning peifoimanccs of these groups and 
the relearning performances of Groups O^V and V-M3. Thus, 
while the median error scores for the first 10 retraining trials of 
all of the animals m Groups N^N, A-*V, and OV^A were 1*5, 
and 4 5, and 2.0, icspectively, the corresponding scores for all of 
the animals in Groups 0~>V and V^O were 23,0 and 26 0, respec¬ 
tively. Tabic 6 shows that the relatively small differences between 
the error score for Group N^N and the error scores for Groups 
A^V and OV->A were not statistically reliable* while the large 
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TABLE 10 

Second Relearning Performances 01 Groups 0-13 — Total Errors 
First 10 Rftraining Triais 
(AH animals) 


Group 

Median 

U" fnd 


N->N 

15 

75 


A->V 

45 

3 50 


OV4A 

20 

.53 


0->V 

23 0 

731 


V^O 

26 0 

445 



differences between the error score foi Group N->N and the error 
scores for Groups Q^V and V->0 were highly reliable. 

To provide a dncct compaiisoii between the relearning pcrfoim- 
anccs of each group in terms of all of the letraining trials of all of 
the animals in each gioup, crior scores foi the first 30 retraining 
trials of eacli group are piesented in Table 11 Again it is found 

TABLE ll 

Second Relearning Performances or Groups 9-13 —Total Errors 
First 30 Retraining Trials 
(All animals in each group) 


Group 

Median 

cr r?i cd 


N->N 

67 

.67 


A->V 

13 S 

7 49 


OV-> A 

61 

11 98 


O^V 

40 + 

18 29 


v-»o 

37 7 

8 51 



that the relearning performances of Groups A->V and OV-*A were 
not significantly inferior to the relearning performance of Group 
N->N, while the error scores for Groups O^V and V->0 were 
much larger than the error score for Group N*>N Thus, while 
the median error scores for the fust 30 retraining trials of Groups 
N->N, A^V, and OV->A wcie 6 7, 13 8, and 6 1, respectively, the 
corresponding scores for Groups O^V and V^O were 40.4 and 
37 7, respectively. Table 8 shows that the relatively small differ¬ 
ences between the error score for Group N-^N and the error scores 
for Gioups A^V and OV^A were not statistically reliable The 
large difference between the error scores for Groups N->N and 
V->0 was highly reliable The large difference between the error 
scores for Groups N->N and O^V was not highly reliable (the 
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critical ratio was 1.84), presumably because of the wide range of 
error scores fox animals in the latter group 

The median error score foi the first 30 lemming trials of Group 
N->N was 6.7, with a standard deviation of 7. Four of the 13 
animals in Group A^V and one of the 6 animals in Group OV->A 
made error scores for their first 30 retraining trials which were 
significantly largei than the median for Gjoup N~>N On the 
other hand, all of the 12 animals in Group V^O and 9 of the IS 
animals in Group 0->V made erroi scores for their first 30 retrain* 
mg trials which weie significantly larger than the median for Group 

N+N. 

This analysis of the second relearning performances of Groups 
9-13 leads to the following conclusions: (1) With a few excep¬ 
tions in each group, the relearning performances of Groups A->V 
and OV->A were not inferior to the relearning performance of 
Group N^N. (These exceptions are the four animals m Group 
A-*V and the one animal in Group OV^A whose error scores for 
their first 30 retraining trials were significantly larger than the 
median for Group N^N ) (2) The relearning performances of 

all of the animals in Group V^O and of most of the animals in 
Group O^V were significantly inferior to the relearning perform¬ 
ance of Group N->N (The exceptions in Group 0->V aic the 
six animals whose error scores for their first 30 retraining trials 
were not significantly larger than the median for Group N^N ) 

An analysis of the data on the retraining performances of those 
animals in Groups 9-13 that failed to relearn leads to the following 
conclusions. (1) In general, the animals that failed to relearn were 
approximately average in the rate of original learning (2) Most 
of the animals that failed to relearn, even in Groups 0->V and 
V->0, where the disturbance was so marked, made at least some 
progress toward relearning It is probable that if retraining had 
been continued, all of the animals that failed to relearn within the 
number of trials given would have relearned eventually, (3) No 
particular errors can be said to have prevented final relearning, 
Since errors were made in all of the units of the maze during the 
last 5 retraining trials. 

D Third llelearnmg Perfor??uinces of Groups 14-11 . Table 
12 presents data on the third relearning performances of Groups 
14-17, whose retraining trials were begun seven days after the 
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completion of the second lelcarning series. 13 Although the small 
number of animals in each of these groups renders it impossible to 
make any conclusive geneializations rcgaiding their relearning per¬ 
formances, the following charactcustics may be noted (1) There 
is some indication that while the idea mine performances of Groups 
N^N^N, O-^V^A, and V^O->A wcie not reliably different from 
each othci, the relearning pcrfoimance of Gioup A->V->0 was 
inferior to the relearning perfoimances of the former groups. (2) 
Some animals in each of the four groups failed to relearn a third 
time 

Table 12 shows that, of the 13 animals in Group 11 

relearned, making a median of .7 error and lequiring a median of 
7 trial Of the 7 animals in Gioup V^Q-^A, 3 relearned, making 
a median of 2,8 errors and requiiing a median of 4 0 trials Of 
the 9 animals in Gioup O^V^A, 7 relearned, making a median of 
5,8 errors and requiiing a median of 2 0 tnals Of the 4 animals 
in Group A^V^O, 3 relearned, making a median of 5.0 errors and 
requiiing a median of 5.0 trials. 

To provide a direct companson between the relearning perform¬ 
ances of all animals in each group, those that failed to relearn as 
well as those that relearned, median error scores for the first 10 
retraining trials of all animals in each group have been determined. 
These scores for the first 10 letraining tnals of Groups N->N->N, 
V^O->A, 0->V-^A, and A*>V->0 were 17, 5.5, 8 5, and 13 5, 
respectively. Although the differences between these scores were 
not statistically reliable (see Table 6), Group A->V->0 made the 
largest number of errors 

To provide a direct comparison between the relearning perform¬ 
ances of each gioup in terms of all of the i attaining trials of all 
of the animals in each gioup, eiror data on the first 30 retraining 
trials of all animals in each gioup have been computed. The median 

fi In this table, and wheiever the symbols are used, N->NS>N refers to 
normal control animals who were rested after original learning, after their 
first relearning, and after their second relearning; V^O-5/1 refers to those 
animals who were blinded after original learning, made anosmic after 
their first relearning, and made deaf After their second relearning, 0-^V-^A 
refers to those animals who were made anosmic after original learning, 
made blind after their first relearning, and made deaf after their second 
relearning; A^V-^O refers to those animals that were made deaf after 
original learning, made blind after their first relearning, and made anosmic 
after their second relearning 
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error scores foi the first 30 retraining trials of Gioups N^N^N, 
V^O^A, 0>V*A, and A~>V->0 were 6,8, 10*6, 13 4, and 17 5, 
respectively, Again, .although the differences between these scores 
were not statistically reliable (see Table 8), Group A->V~>0 m.ule 
the largest number of cnors 

Although the small number of animals m each of the above groups 
makes a conclusive geneiahzation impossible, the data suggest that 
the relearning pcrfoimancc of Group A~>V~>0 was infcnor to that 
of Gioup N-^N-^N, while the relearning pcifonnances of Groups 
V->0->A and 0->V~>A were more ncailv like tile rcleaining per¬ 
formance of Group N->N^N 

An analysis of the retraining data for those animals in Groups 
14-17 who faded to lelcarn yielded the following (1) The animals 
in Groups N~>N->N and V^O^A who failed to relearn were 
significantly infeiioi in the rate of onginnl learning to those animals 
in the same gioups who did relearn The animals in Groups 
O^V^A and A->V*>0 who failed to relcain were approximately 
average in the late of original learning (2) The two animals in 
Group N^N^N made no appreciable piogiess toward relearning, 
possibly foi the reason that they wcie maikedly lnfcrioi in the rate 
of original learning Only one of the four animals in Group 
V->0->A failed to make marked progress toward relearning The 
one animal in Gioup A->V->0 that failed to lelearn made marked 
progress toward relearning. It is probable that all of the above 
animals would have relearned eventually if regaining had been 
continued The two animals in Gioup 0~>V~>A made no progress 
toward relearning No explanation for this failure to progress is 
available The increase in the number of crrois of one nnimal, 
from 1 for the first 5 retraining trials to 16 for the last 5 retraining 
trials, may have been due to some oigamc defect not disclosed by 
the autopsy (3) No particular eriors can be said to have pre¬ 
vented final relearning, since errors were made in almost all of the 
units of the maze during the last 5 lctiaming trials. 

E Peiformance of Gioup 18 on Maze II As previously 
indicated, Group 18 was composed of normal animals who were 
originally trained on Maze I Seven davs after the last trial of 
the original learning series, during which time the animals were 
rested, training was begun on Maze II. All constant exteroceptive 
stimulation, both from within the maze and from the envnonment 
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of the maze (with the possible exception of certain visual stimuli 
from the environment of the maze, to be discussed later), was 
eliminated dunng the trials on Maze II by the procedure described 
below. 

After each trial, the platfoim on which Maze II rested was 
rotated so that the starting-box was in a new position in the experi¬ 
mental room, and all of the nine units of the maze were inter¬ 
changed. For the first trial, the starting-box was in the east 
(directly above the starting-box of Maze I). The first unit was 
labeled “l,” the second unit "2,” etc The blind-alley segment of 
each unit was labeled ef a i} and the tiue-path segment of each unit 
was labeled r 'b ” For the second trifil, the starting-box was in the 
south, and the units of the maze were rearianged in the following 
order: 2, 8, 6, 3, 5, 1, 4, 9, and 7. At the same time that the 
units were interchanged, each unit was rotated so that the “a” seg¬ 
ment of each unit (which was blind alley in the first trial) was 
true path, and the ff b Ji segment (which was true path in the first 
trial) was blind alley. For the third trial, the starting-box was 
in the north, and an entiicly different order of units was used For 
this trial the r< d* segment of each unit was blind alley, and the r 'b n 
segment of each unit was true path. A schedule of 15 such different 
positions of the starting-box and orders of units, as determined by 
chance, was drawn up. For the odd trials (of the first 15 trials) 
the “a JJ segment of each unit was blind, alley and the segment 
was true path. For the even trials the “b” segment of each unit 
was blind alley and the rr a" segment was true path. After the 
15th trial the same schedule of changes was used again. It is 
obvious that because of thebe random changes, no particular olfac¬ 
tory, auditoiy, or cutaneous stimuli from within the maze or from 
the environment of the maze could have been utilized as directive 
cues 

Although the changes desciibcd above eliminated all particular 
visual stimuli from within the maze as a source of sensory guidance, 
it remained theoretically possible that the lamps by means of which 
the maze was illuminated could have served as directive visual 
cues. It will be seen from Figure 1 that when the starting-box 
of the maze was in the north, west, or south these lamps occupied 
the same positions relative to the maze as when the starting-box 
was in the east. And, since the positions of these lamps relative to 
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Maze II were the same as the positions of the lamps which illumi¬ 
nated Maze I, the lamps remained as an unchanged part of the 
environment of the maze after the animals were tiansfcfred from 
Maze I to Maze II. The possibility that these lamps were utilized 
as directive cues on Maze II was tested by blinding some animals 
that learned this maze and retraining them a second time on Maze 
II The results secuicd will be given below on page 274. The 
learning performance of Gioup 18 on Maze II should indicate 
whether any cxteioceptive modality was utilized on Maze I and 
should tlnow some light on the question of whether paiticular 
extcioceptivc stimuli were utilized as directive cues (For a dis¬ 
cussion of the latter point see page 288 below ) 

The outstanding characteristics of the performance of Group 18 
on Maze II are. (1) Their learning performance was markedly 
inferior to the relearning perfoimancc of Gioup N on Maze I 
(2) Some animals in Group 18 failed to learn Maze II. 

Wc shall first compare Gioup N with Group IS (1) All of 
the 19 animals in Group N relearned Maze I, making a median 

of 1 2 errors and requiring a median of 1.5 trials Of the 17 

animals in Group 18, only 10 learned Maze II, making a median 
of 11.5 errors and requning a median of 15.5 trials. The 7 animals 

in Group 18 that failed to learn Maze II made a median of 86.0 

errors during their first 30 tnals. (2) The median error scores 
for the first 10 and the first 30 retraining tnals of Gionp N were 
2.4 and 6 2, respectively The corresponding scores for all of the 
animals in Group 18 were 14.8 and 43.0, respectively. Tables 6 
and 8 show that the large differences between these scores for the 
two groups were statistically reliable. (3) For none of the animals 
in Group N was the number of errors duiing the first 30 retraining 
trials greater than the average number of errors made during 
original learning, i e., none of the animals in Group N lost the 
habit completely Group 18 lequncd a median of 30 trials for 
original learning of Maze I, and made a median of 41 6 errors. 
Nine of the 17 animals in Group 18 made moic than 41.6 errors 
during their first 30 trials on Maze II, l e , 52.9% of these animals 
lost the habit completely (Two of these 9 animals eventually 
learned Maze II, one in 51 trials, and the other in 52 trials.) (4) 
The median error score for the fiist 30 retraining trials of Group 
N was 6.2, with a standard deviation of .8. Only 2 of the 17 
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animals u\ Gioup 18 made error scores for their first 30 trials on 
Maze II which were not significantly laiger than the median for 
Group N 

This analysis leads to the conclusion that, with a few exceptions, 
the elimination of all constant exteroceptive stimulation (with the 
possible exception of ceitain visual stimulation, noted above) re¬ 
sulted in a significant distuibance of accuracy of maze performance 
(The exceptions are represented by the two animals in Group 18 
whose error scores for their first 30 trials on Maze II were not 
significantly laiger than the median crior score for Group N.) 

The possibility remains that the mere change from Maze I to 
the new situation of Maze II may have produced some disturbance 
in the performance of Group 18. A control experiment to test 
this possibility had been planned, but lack of time prevented its 
being carried out. However, the fact that the errors of animals 
in Group 18 persisted for so many trials indicates that the marked 
inferiority of this group cannot be attributed solely to the change 
from Maze I to Maze II. 

An analysis of the retraining performances of those animals in 
Group 18 that failed to learn Maze II leads to the following con¬ 
clusions. (1) Most of the animals that failed to learn Maze II 
were inferior, in the rate of learning Maze I, to those animals in 
Group 18 that did learn Maze II, (2) Four of the 7 animals 
that failed to learn Maze II made at least some progress toward 
learning. It is probable that if tiaining had been continued all 
of these animals would have learned Maze II eventually. 

To test the possibility that vision remained as a source of sensory 
guidance in the Mnze-II situation (see above, pp 272-273), 5 animals 
m Group 18 were blinded 24 hours after they had learned Maze 
II Six days later, retraining trials on Maze II were begun To 
control foi the interval of seven days between the completion of 
learning and the beginning of retraining, 3 animals in Group 18 
were rested for seven clays after they had learned Maze II and 
were then letiained on the same maze Data on the relearning 
peiformances of the two groups of animals aie presented in Table 
13, The 3 animals that were rested during the interval of seven 
days showed no forgetting. Of the 5 animals that were blinded, 
2 (Nos. 169 and 192) showed no forgetting, 1 (No 170) was 
greatly disturbed, and 2 (Nos 174 and 190) were somewhat less 
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disturbed Animals 170, 174, and 190 failed to relearn within 
30 trials. 

TABLE 13 

Relearning Performances on Maze II of Animals in Group 13 
(Retraining trials were begun 7 days after completion of 
first learning of Maze II) 


Sub¬ 

ject 

Normal 

Errors 

first 

10 

trials 

animals 
Trials 
to re¬ 
learn 

Errors 
before 
relearn¬ 
ing cri¬ 
terion 

was 

reached 

Sub¬ 

ject 

Blind 

Errors 

first 

10 

trials 

animals 
Trials 
to re¬ 
learn 

Errois 
before 
relearn¬ 
ing cri¬ 
terion 
was 

reached 

171 

0 

0 

0 

169 

1 

0 

0 

172 

1 

0 

0 

192 

0 

0 

0 

189 

1 

0 

0 

170 

48 

— 

103* 





174 

16 

.— 

37* 





190 

4 

— 

24* 


"Animals 170, 174, and 190 failed to relearn They made 103, 37, and 
24 errors, respectively, during their first 30 retraining trials, 

We have aheady indicated above (pp 272-273) that the Mazc-II 
experimental situation ofteied the possibility of the utilization of 
visual cues, in spite of the rotation of the maze and the interchange 
of its units, due to the symmetrical arrangement of the ceiling 
lights which illuminated the maze. Although the small number 
of animals m the two groups that were ictrained on Maze II 
makes a conclusive gencialization impossible, the disturbance shown 
by some of the animals that weic blinded suggests that some of the 
animals in Group 18 that learned Maze II were dependent upon 
vision The fact that two of the five blinded animals were not 
disturbed indicates that some of the animals who learned Maze II 
were not dependent upon any exteroceptive stimulation. 

F, Companion between the Effect of the Elimination of In¬ 
dividual Seme Modalities from Nounal Animals and the Effect of 
the Elimination of the Same Modalities from Defective Animals 
The purpose of the use of experimental Groups 9-17 was to deter¬ 
mine whether animals who were not disturbed by the individual 
elimination of various modalities were dependent upon those modali¬ 
ties which were not eliminated. For example, if normal animals 
were not disturbed by the elimination of vision because they then 
used olfaction, and if normal animals were not distuibed by the 
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elimination of olfaction because they then used vision, the elimina¬ 
tion of olfaction from blind animals should result in a greater 
disturbance than the elimination of olfaction from normal animals, 
and the elimination of vision from anosmic animals should result 
in a greater disturbance than the elimination of vision from normal 
animals. Accordingly, this section is devoted to a comparison 
between the effect of the elimination of individual modalities from 
normal animals and the effect of the elimination of the same modali¬ 
ties fiom defective animals. 

7. The elimination of olfaction from normal animals vs. the 
elimination of olfaction from defective animals . The eftect, upon 
the accuracy of maze performance, of the elimination of olfaction 
from blind animals was much greater than the effect of the elim¬ 
ination of olfaction from normal animals. The following compari¬ 
sons between the first relearning performance of Group O and the 
second relearning performance of Gioup V~>0 support this con¬ 
clusion; (1) Of the 16 animals in Gioup 0, 14 relearned, making 
a median of 5.5 errors and requiring a median of 8 5 trials. The 
two animals in Group O that failed to relearn made a median of 
40.5 errors during their first 30 retraining trials. Of the 12 animals 
in Group 10 relearned, making a median of 30.5 errors and 

requiring a median of 12.5 trials. The two animals in Group V->0 
that failed to relearn made a median of 76.0 errors during their 
first 30 retraining trials. (2) The median error scores for the 
first 10 and the first 30 retraining trials of all of the animals in 
Group O were 5.7 and 11,7, respectively, The corresponding scores 
for all of the animals in Group V^O were 26.0 imd 37.7, respec¬ 
tively Tables 6 and 8 show that these large differences between 
the erior scores for the two groups were quite reliable. (3) The 
median error score for the first 30 retraining trials of Group O was 
11.7, with a standard deviation of 3,4. Eight of the 12 animals m 
Group V->0 made error scores for their first 30 retraining trials 
which were significantly larger than the median for Group O (4) 
The median error score for the first 30 retraining trials of the 
normal control animals (Group N) was 6,2> with a standard devia¬ 
tion of .8, Five of the 16 animals in Group O and all of the animals 
in Group V->0 made error scores for their first 30 retraining trials 
which were significantly larger than the median for Group N 
These comparisons lead to the following conclusions: (1) With 
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some exceptions (rcpiesented by the 5 animals in Group O whose 
error scores for their first 30 retraining trials were significantly 
larger than the median for Group N), the elimination of olfaction 
from normal animals had no effect upon the accuracy of maze per¬ 
formance (2) Without exception, the elimination of olfaction 
from blind animals lcsultcd in a significant disturbance of the 
accuracy of maze performance (3) With a few exceptions (repie- 
sented by the four animals in Gioup V->0 whose error scores for 
their first 30 refraining trials were not significantly larger than the 
median for Group O), the lclearmng performance of Group V^O 
was significantly inferior to the relearning pciformance of Group O, 
Although the number of animals in Group A->V">Q was too 
small for a completely valid comparison with other gioups, tlicic 
is some evidence that the maze performance following the elimination 
of olfaction from the deaf-and-then-blind animals was inferior to 
the maze pcrfoimance following the elimination of olfaction from 
normal animals. The following facts support this conclusion 4 (1) 

The median error scores for the first 10 and the first 30 retraining 
trials of all of the animals in Group A^V->0 were 13 5 and 17,5, 
respectively (Although these error scores were larger than the 

corresponding scores for Group O, Tables 6 and 8 show that the 

differences were not statistically reliable ) (2) Two of the 4 ani¬ 

mals in Group A^V^O made error scores for their first 30 retrain¬ 
ing trials which were significantly larger than the median error 
score for the first 30 retraining trials of Group O 

2. The elimination of vision from normal animals vs* the 

elimination of vision from defective animals. The effect, upon the 

accuracy of maze performance, of the elimination of vision from 
anosmre animals was much greater than the effect of the elimination 
of vision from normal animals The following comparisons between 
the first relearning performance of Group V and the second relearn¬ 
ing performance of Gioup O^V support this conclusion' (1) Of 
the 19 animals in Group V , 17 relearned, making a median of 2 0 
errors and requiring a median of 1 5 trials The two animals in 
Group V that failed to relearn made a median of 23 0 errors during 
their first 30 retraining trials Of the 15 animals in Group O^V, 
only 9 relearned, making a median of 4.0 errors and requiring a 
median of 5 0 trials The 6 animals in Group O^V that failed to 
relearn made a median of 132 5 errors during their first 30 letrain- 
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ing trials. (2) The median eiroi scores for the first 10 and the 
first 30 retraining trials of ail of the animals in Group V were 3 5 
and 7.6, respectively. The corresponding scoies for all of the animals 
in Gfoup O^V were 23.0 and 40.4, respectively. Tables 6 and 8 
show that the large diffeiences between these scores for the two 
groups were not completely reliable, presumably because of the wide 
range of erroi scores for animals in Group 0~W (The critical 
ratio for the difference between the scores for the first 10 retraining 
trials was 2 63 The critical ratio for the first 30 retraining trials 
was 1 78.) (3) The median error score for the fiist 30 retraining 

trials of Group V was 7 6, with a standard deviation of 2.2. Nine 
of the 15 animals in Group O^V made error scores for their first 
30 retraining trials which were significantly larger than the median 
for Group V. (4) Three of the 19 animals in Group V made error 
scores for their first 30 retraining trials which were significantly 
larger than the median error score for the first 30 retraining trials 
of Group N. Nine of the 15 animals in Group O^F made error 
scores for their first 30 retraining trials which were significantly 
larger than the median for Group N. 

These comparisons lead to the following conclusions: (1) With 
a few exceptions (represented by the 3 animals in Group V whose 
error scotch for their first 30 retraining trials were significantly 
larger than the median error score for Group N), the elimination 
of vision from normal animals had no effect upon the accuracy of 
maze performance (2) With some exceptions (represented by the 
6 animals in Group O^V whose error scores for their first 30 re¬ 
training trials weie not significantly larger than the median error 
score for Group N), the elimination of vision fiom anosmfc animals 
lesulted in a significant disturbance of maze performance (3) With 
some exceptions (represented by the 6 animals in Group Q->V whose 
error scores for their first 30 retraining trials were not significantly 
larger than the median error score foi Gioup V), the relearning 
performance of Group 0-*V was significantly inferior to the relearn¬ 
ing performance of Group V. 

There was almost no significant difference between the effect of 
the elimination of vision from deaf animals and the effect of the 
elimination of vision from normal animals. This conclusion is 
supported by the following comparisons between the fust relearning 
performance of Group V and the second lclearning performance of 
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Group A^V: (1) Of the 13 animals in Group A^V> 11 relearned, 

making a median of 2 0 errors and requning a median of 2 0 trials. 
The two animal* that failed to relearn made a median of 15 0 errors 
during their fust 30 retraining trials (Compare with the corre¬ 
sponding data for Group V presented above ) (2) The median 

crior scores for the fust 10 and the first 30 retraining trials of all 
of the animals in Group V were 3 5 and 7 6, respectively The 
corresponding scores for all of the animals in Group A^V weic 
4.5 and 13 8, respectively Tables 6 and 8 show that the relatively 
small differences between these scores for the two groups were not 
statistically reliable (3) Only 3 of the 13 animals in Group A^V 
made error scores for their fust 30 retraining trials which were 
significantly larger than the median enor scoie for the first 30 re¬ 
training trials of Gtoup V. (4) Three of the 19 animals in Gtoup 
V and 4 of the 13 animals in Gtoup A^V made enor scores for 
then first 30 retraining trials which were significantly laiger than 
the median error score for the first 30 retraining trials of Gioup N. 

3. The ehtmnatio?i of audition from normal animals vs . the 
elimination of audition fiom defective animals. There was almost 
no significant difference between the effect of the elimination of 
audition from bhnd-anosmic animals and the effect of the elimination 
of audition from normal animals. This conclusion is supported by 
the following comparisons between the first iclearnmg pcrfoimancc 
of Group A and the second relearning performance of Group 
OV->A . (1) Of the 19 animals in Group A , 18 relearned, making 
a median of 2.5 eirors and requning a median of 2.0 trials. The 
one animal in Group A that failed to relearn made 19 errors during 
its first 30 retraining tifals. Of the 6 animals m Group OF~>Aj 
all relearned, making a median of 1 0 error and requiring a median 
of 1.0 trial. (2) The median enor scores for the first 10 and the 
first 30 retraining trials of all of the animals in Group A were 3.2 
and 7 4, respectively. The concsponding scores for Group OV+A 
were 2,9 and 6 1, lcspectivcly Tables 6 and 8 show that the small 
differences between these scores for the two gioups were not statistic¬ 
ally reliable (3) Only one of the 6 animals in Group OV-^A made 
an enor scoie for its first 30 retraining trials which was significantly 
larger than the median error score for the first 30 retraining trials 
of Group A (4) Two of the 19 animals in Gtoup A and 1 of the 
6 animals in Group OV^A made error scores for their first 30 
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retraining trials which were significantly laiger than the median 
score for tile first 30 retraining trials of Group N 
Although the number of animals in Groups V->0“->A and 
O^V->A is too small for a completely valid comparison with othci 
groups, there is some evidence that, with some exceptions, the effect 
of the elimination of audition fiom blind-and-then-finosmic animals 
or from anosmic-and-then-blind animals was not significantly differ - 
ent from the effect of the elimination of audition from normal ani¬ 
mals, This conclusion is supported by the following facts, (1) 
The median erior scores for the first 10 and the first 30 letiaimng 
tiials of Group A were 3.2 and 7.4, respectively. The correspond¬ 
ing scoies for G?onp V^O^A were 5 5 and 10 6, respectively The 
corresponding scores for Group O^V^A were 8 5 and 13 4, respec¬ 
tively Tables 6 and 8 show that the relatively small differences 
between the conesponding scores foi the three groups were not 
statistically reliable. (2) Three of the 7 animals in Group V->0->A, 
and 4 of the 9 animals in Group O^V^A, made erroi scoies foi 
tlicir fiist 30 retraining tnals which were significantly larger than 
the median cnoi score for the first 30 retraining trials of Group A 
4. Comparison between the performance of Group 18 on 
Mate II and the relearning performance of Group OVA on Maze 
I Although the magnitude of the distuibance produced bv the 
simultaneous elimination of vision, olfaction, and audition, by means 
of operations upon the animal, was greater than the distuibance 
produced by the simultaneous elimination of alL constant extero¬ 
ceptive stimulation (with the possible exception of certain visual 
stimulation from the environment of the maze) by means of the 
manipulation of the animal’s environment, both methods, with some 
exceptions, resulted in a significant disturbance of the accuracy 
of maze performance. (These exceptions are represented by one 
animal in Group OVA, and two animals in Group 18, whose error 
scores for their first 30 retraining trials were not significantly larger 
than the median error score for the first 30 retraining trials of 
Group N ) 

This conclusion is supported by the following comparisons between 
the first relearning peiformance of Group OVA on Maze I and 
the performance of Group 18 on Ma^e II 1 (1) Of the 16 animals 
in Group OVA, 6 relearned, making a median of 26.0 eriors and 
requiring a median of 19 5 trials The 10 animals in Group OVA 
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who failed to relearn made a median of 138 0 enors during their 
first 30 retraining trials Of the 17 animals in Gioup I8j 10 learned 
Maze II, making a median of 11 5 errors and requmng a median 
of 15 5 trials The 7 animals in Group 18 who failed to leant Maze 
II made a median of 86 0 errors during their first 30 trials. (2) 
The median cnor scores for the first 10 and the first 30 letrainmg 
trials of all of the animals in Group OVA were 45 5 and 85.0, 
respectively. The coi responding scores for all of the animals in 
Group 18 weic 14.8 and 43 0, respectively Tables 6 and 8 show 
that the differences between these scores for the two groups weic 
statistically reliable (3) Twelve of the 16 animals in Group OVA 
and 9 of the 17 animals in Gioup 18 made moic eriois during 
their first 30 retraining trials than during original learning, i c , 
75% of the animals in Group OVA and 52 9% of the animals in 

Group 18 lost the habit completely. (4) Only 1 of the 16 animals 

m Gtoup OVA and only 2 of the 17 animals in Gioup 18 made 
ci 101 scores foi then first 30 retraining tiials which were not signifi¬ 
cantly larger than the median eiror scoic for the first 30 retraining 
trials of Group N, 

The fact that the relearning performance of Group OVA on 
Maze I was inferior to the performance of Group 18 on Maze II 
may have been due in part to the utilization by some animals in 

Group 18 of visual cues from the environment of the maze (the 

possibility of which was discussed on pages 272 and 274 above) 

V Interpretation of Results 

In the analysis of the first relearning performances of Groups 
1-8 a marked difference was found between the effect of the in¬ 
dividual elimination of vision, olfaction, and audition upon the 
accuracy of maze peiformancc and the effect of the simultaneous 
elimination of the same modalities. With a few exceptions, the 
former resulted in no disturbance With a few exceptions, the latter 
resulted in a significant disturbance 

Two alternative explanations for this difference suggest them¬ 
selves, (1) The infmonty of the relearning performances of those 
animals who were deprived of more than one modality simultaneously 
was due to the combined shock effect of the operations by which these 
modalities were eliminated (although the shock resulting from an 
operation in which a single modality was eliminated was not gieat 
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enough to affect relearning performance). (2) Normal animals 
utilized moie than one exteroceptive modality aftei the maze had 
been mastered. In the absence of any one of the three modalities 
(vision, olfaction, or audition), dependence upon the modalities 
winch remained enabled the animals to perform without disturbance. 
But m the absence of more than one modality, the amount of stimu¬ 
lation upon which the animals could depend was so small that serious 
distuibance followed [The possibility that the inferior perform¬ 
ance of the blind-anosmic animals was due to a reduction in the 
total quantity of stimulation, the "tonic theory" of Carr (4), is 
discussed below on page 288.] We shall first consider the ade¬ 
quacy of the explanation in tenns of operative shock. 

The only diffeicnce between the anosmic and the blind-anosmic 
groups, fiom the standpoint of operation, was the operation in which 
the animals weie blinded. As was indicated m the section devoted 
to operative procedure, recovery from this operation was complete 
within a few hours If the shock resulting from the combined 
visual-olfactory operation was much greater than that resulting from 
the olfactoiy opciation alone, such a difference should be reflected 
in a corresponding difference between the changes in weight for the 
two groups over the interval during which the two types of opera¬ 
tions weie performed. No such difference was found, the changes 
in weight for both groups (Groups O and OV) being negligible 
These considerations lead us to agree with Watson (24, p. 49) 
that "the shock effects of this operation [the visual] aie so mild 
as to be hardly noticeable." The markedly inferior relearning per¬ 
formances of Groups O^V and V->0 constitute a most convincing 
additional argument against the operative shock explanation of the 
inferior performance of Group OV. At least nine days intervened 
between the visual and olfactory operations upon the animals in 
Groups 0“>V and V~>0. And yet, even when nine days inter¬ 
vened between the visual and olfactory operations, the elimination 
of both vision and olfaction resulted in a marked disturbance of 
relearning performance. And, since this distuibance cannot be ex¬ 
plained in terms of a combined shock effect of the two operations, 
we believe that the maiked disturbance following the simultaneous 
elimination of vision and olfaction is better explained in other terms 
And, since the relearning performance of the blmd-anosmic-deaf 
group was not reliably different from that of the blind-anosmic 
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group, if opeiativc shock was not the cause of the inferior perform¬ 
ance of the latter group, the inferiority of the former group must 
be attributed to some other cause, 

Turning to the alternative explanation, we may ask, “Which arc 
the exteioccptivc modalities whose simultaneous elimination resulted 
in so maikcd a disturbance^* The fact that the elimination of both 
vision and olfaction resulted in a marked disturbance, together with 
the fact that the elimination of vision or olfaction individually did 
not affect performance, suggests that (1) normal animals utilized 
both vision and olfaction, (2) normal animals were not disturbed 
by the elimination of vision alone because thev then utilized olfaction, 
and (3) normal animals were not distuibed by the elimination of 
olfaction alone because they then utilized vision. The fact that the 
relearning performance of the bhnd-anosmic-deaf gioup was not 
significantly inferior to the relearning performance of the blind- 
anosmic gioup suggests that the blind-anosmic animals were not 
dependent upon audition. This fact, together with the fact that 
the elimination of audition fiom normal animals had no effect upon 
maze peiformancc, suggests that audition is not an important factor 
in the maze situation, 

On the basis of this analysis, we may tentatively conclude that, 
with a few exceptions in each case, (1) normal animals utilized both 
vision and olfaction, (2) normal animals were not disturbed by the 
elimination of vision alone because they then utilized olfaction, (3) 
normal animals were not disturbed by the elimination of olfaction 
alone because they then utilized vision, (4) neither normal, blind, 
anosmic, noi blind-anosmic animals utilized audition, so that audi¬ 
tion is not an impoitant factor in the maze situation, and (5), since 
normal animals did not utilize audition, deaf animals, like normal 
animals, were dependent upon both vision and olfaction The ex¬ 
ceptions to these geneial conclusions arc as follows’ (1) A small 
percentage of normal animals did not utilize either vision or olfac¬ 
tion (represented by the 1 blind-anosmic animal and the 1 blind- 
anosmic-dcaf animal whose erior scores for their first 30 ictraining 
trials were not significantly larger than the median erior score for 
the first 30 retraining trials of the normal control group). (2) A 
small percentage of the normal animals was dependent mainly upon 
vision (represented by the 3 blind animals whose error scores for 
their first 30 retraining trials were significantly larger than the 
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median score for the normal control group) (3) A small percent¬ 
age of the normal animals was dependent mainly upon olfaction 
(represented by the 5 anosmic animals whose eiror scores for their 
first 30 retraining trials were significantly laiger than the median 
score for the normal control group). (4) A small percentage 
of the normal animals utilized audition (represented by the 2 deaf 
animals whose error scores for their first 30 retraining trials were 
significantly largei than the median foi the normal control group). 
Evidence regarding the role of proprioception will be presented in 
detail later m this section. 

In general, the second and third relearning performances of 
Groups 10-13 and 15-17 on Maze I, and the performance of Group 
18 on Maze II, confirm these tentative conclusions 1 (1) The facts 
that, with some exceptions, the effect of the elimination of olfaction 
from blind animals was significantly greater than the effect of the 
elimination of olfaction from normal animals, and that the effect 
of the elimination of vision from anosmic animals was significantly 
greater than the effect of the elimination of vision from normal 
animals, confirm the conclusion that most normal animals utilized 
both vision and olfaction (and that they were not disturbed by the 
elimination of olfaction alone because they then utilized vision; and 
that they were not disturbed by the elimination of vision alone be¬ 
cause they then utilized olfaction). (2) The fact that there was 
some evidence that the effect of the elimination of olfaction from 
dcaf-and-then-blind animals was greatci than the effect of the elim¬ 
ination of olfaction from normal animals likewise tends to confirm 
the conclusion that normal animals were not disturbed by the elim¬ 
ination of olfaction alone because they then utilized other extero¬ 
ceptive modalities. (3) The fact that, with a few exceptions, the 
effect of the elimination of vision from deaf animals was not signifi¬ 
cantly greater than the effect of the elimination of vision from normal 
animals indicates that most blind animals did not utilize audition, 
and that most deaf animals did not utilize vision alone. {+) The 
fact that, with a few exceptions, the elimination of audition from 
blmd-anosmic animals, from anosmic-and-then-blind animals, and 
from blind-and-then-anosmic animals was not significantly greater 
than the effect of the elimination of audition from normal animals 
confirms the conclusion that most of the animals deprived of both 
vision and olfaction did not utilize audition, and that audition is 
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not an important factor in the maze situation, (5) The fact that, 
with a few exceptions, the elimination of all constant exteroceptive 
stimulation (with the possible exception of certain visual stimulation 
from the environment of the maze) by means of changes in the 
animal's environment (Group 18) resulted in a significant disturb¬ 
ance is in accord with the conclusion that some exteroceptive modali¬ 
ties were utilized by most animals, 

The purpose of this investigation includes an evaluation of the 
extent to which proprioception, as well as vision, olfaction, and audi¬ 
tion, is utilized in the double-alternation spatial-maze habit after 
this habit has been mastered So far, our discussion has been con¬ 
cerned with the role of the exteroceptive modalities The question 
now arises as to what evidence our results contain concerning the 
extent to which proprioception is noimally utilized It will be 
recalled that (1) the simultaneous elimination of vision and olfac¬ 
tion resulted in a complete loss of the habit (i e,, relearning in¬ 
volved more errors than did original learning) by 62.5% of the 
animals; (2) the simultaneous elimination of vision, olfaction, and 
audition resulted in a complete loss of the habit by 75% of the 
animals, and (3) the elimination of almost all constant exterocep¬ 
tive stimulation from the Maze-II situation resulted in a complete 
loss of the habit by 52 9% of the animals In other words, the 
elimination of exteroceptive stimulation alone completely abolished 
the habit for most animals. This suggests that in this maze only 
exteroceptive stimulation was normally utilized to a significant degree 
by most animals. 

A small percentage of the animals was not disturbed at all by 
the simultaneous elimination of vision and olfaction, of vision, olfac¬ 
tion, and audition, or by the elimination of almost all constant extero¬ 
ceptive stimulation (Group 18). Some animals, although disturbed 
by these procedures, did not lose the habit completely This suggests 
that some animals were wholly, and some animals were partially, 
dependent upon some non-cxteroccptivc process after the maze had 
been mastered under normal conditions. Many animals from whom 
vision, olfaction, and audition were eliminated, simultaneously or 
successively, although disturbed, were able to relearn in the absence 
of all of these modalities (This was true of 4 animals in Group 
OVA, 6 animals in Group OV-^A, 3 animals in Group V^O^A, 
5 animals in Group O^V^A, and 2 animals in Group A->V->0.) 
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Five animals in Group 18, although disturbed, were able to learn 
Maze II. And many animals in Groups OV and OVA who faded 
to relearn (half of the animals in each group) showed progress 
toward relearning. These facts suggest that specific exteroceptive 
stimulation is not necessaty for mastery of the double-alternation 
maze, and that many animals utilized some non-exteroceptive process 
after the maze had been relearned, 

This analysis leads to the following conclusions concerning the 
role of proprioception: (1) After the maze was mastered under 
normal conditions, (rr) most animals were not dependent upon pro¬ 
prioception for eirorle5S performance; and (b) a few animals were 
entirely, and a few animals were partially, dependent upon some non- 
cxteroceptive process (2) Many animals who utilized exteroceptive 
stimulation after the maze had been mastered under normal condi¬ 
tions utilized some non-exteroceptive process after the maze was 
relearned in the absence of extcioccptive stimulation. (3) Whether 
the non-exteroceptive process utilized by the above animals was pro¬ 
prioception remains to be determined. 

The maze employed in this study was of the double-alternation 
type The turns involved after the maze was entered were right, 
right, left, left, right, right, left, and left The distance between 
each turn was the same, viz., 15". After the maze was entered, the 
animal was required to move 15" in a forward direction and turn 
to the tight, move IS" m a for waul direction and turn to the right, 
move 15" in a foiwaid direction and turn to the left, etc Thus, 
the pattern of the maze immediately pieccding the second turn to 
the right and the first turn to the left was the same, viz , an angle 
of 90‘ to the right followed by a straightaway of 15". According 
to Hunter (11), in a double-alternation maze of this type (in which 
the distance between each turn is the same) the proprioceptive con¬ 
sequences of successive movements are equated, and thus cannot 
serve as diffeicntial cues It seems to the writer, however, that tile 
possibility has not been eliminated that pioprioception is a possible 
source of sensory guidance in the double-alternation maze. It is true 
that, immediately picceding the second turn to the light and the 
first turn to the left, the patterns of the maze were identical, but 
docs it necessarily follow that the movements of the animal through 
parts of the maze identical in pattern were the same? It is known 
that the speed with which the animal travels is gi eater in the part 
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of the maze near the food box than In the pait neai the starting-box. 0 
(This is true even in tile pielimmary runway, where successive parts 
of the path to be traversed are completely identical ) The differ¬ 
ence in speed with which successive parts of the maze arc traversed 
may be due to a difference in the numbei of steps taken in successive 
parts, to a difference m the speed with which successive turns arc 
made, etc And this difference in speed must be accompanied by 
some difference in movement which could conceivably give rise to 
differential propiioccptive consequences, Although the presence ot 
identical angles and linear distances preceding the second turn to 
the right and the first turn to the left limits possible differences in 
movements through these parts, it docs not ncccssanly follow that 
these movements arc identical The possibility remains (and the 
difference in speed with which successive parts of the maze arc 
traversed suggests that this is actually the case) that, even within 
successive parts of the maze which aie identical in geometne pattern, 
the movements through these parts may be different Since it is 
the movement of the animal rather than the geometric pattern of 
the maze which supplies possible proprioceptive cues, we believe that 
proprioception remains as a possible source of sensory guidance in 
the double-alternation spatial maze. (In order for proprioception 
to seivc as a source of sensory guidance, it would not be necessary 
that the animal’s movements in a given unit be identical in successive 
trials. Only a lelativcly constant difference between movements in 
successive identical units from trial to trial would be necessary ) 

So, regarding the role of proprioception, we conclude that, although 
proprioception was not significantly employed by most of the animals 
who learned under normal conditions, proprioception may have been 
utilized (entirely) by those few animals who were not disturbed by 
the elimination of exteroceptive stimulation and bv those animals 
who relearned in the absence of exteroceptive stimulation, and (par¬ 
tially) by those animals who did not lose the habit completely follow¬ 
ing the elimination of exteroceptive stimulation The fact that 
most of the animals did not utilize piopiioccption under normal 
conditions is in accord with the suggestion that the double-alternation 
type of maze limits possible differences between movements (and 
their proprioceptive consequences) through parts of the maze which 

°This statement is based upon the writer's gross observation of the 
behavior of the rat in the maze It should be verified experimentally 
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are identical in geometric pattern. The fact that many animals 
utilized some non-exteioceptive piocess. (a few after original learn¬ 
ing, many after relearning) is in accord with the suggestion that 
proprioception is a possible source of sensory guidance in the double- 
alternation maze. Whether this non-cxteioceptiye process actually 
was proprioception must be determined expeumcn tally Hunter's 
theory of a symbolic process (11) and Lashlcy and Balls theoiy 
of a cential neural engram (15) aic alternative explanations. 

It has been shown that most animals were dependent upon both 
vision and olfaction for eirorless performance in the maze after 
it had been mastered under normal conditions, The question of 
the exact nature of the iole of these modalities will now be con¬ 
sidered. (1) Visual and olfactory stimulation may have had a 
"tonic” effect upon the animals (4), and the elimination of these 
modalities may have resulted in a disturbance because the total 
quantity of stimulation, and its tome effect, was seiiousiy reduced, 
(2) Particular visual and olfactory stimuli, or patterns of stimuli, 
may have been utilized as dnective cues, and the elimination of these 
cues may have been the cause of the disturbance in the accuracy of 
the relearning performance, 

Let us fust consider the adequacy of the tonic-effect theory. (1) 
Liggett (16) found that the speed with which anosmic animals 
traversed his maze was greater than that of iiounal animals, and 
concluded that his results did not support the tonic-effect theory, 
(2) The results of the present investigation likewise fail to support 
this theory, Both the relearning performance of animals from 
whom vision and olfaction were eliminated simultaneously by means 
of operation and the relearning petformance of animals from whom 
practically all constant exteroceptive stimulation was eliminated 
(Gioup 18 on Maze II) showed a marked disturbance in accuiacy 
In the latter case there was no reduction in the quantity of stimu¬ 
lation It is true that the disturbance in the latter case may have 
been due either to the introduction of new stimuli which may have 
had a detractive effect or to the elimination of particular extero¬ 
ceptive stimuli or patterns of exteroceptive stimuli which were util¬ 
ized as directive cues on Maze I. The fact that tile disturbance on 
Maze II was not limited to the first few trials immediately following 
the introduction of the animals to the “variable” situation suggests 
that the inferior perfoimancc on Maze II was not due to a detrac¬ 
tive effect of new exteroceptive stimuli. 
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We conclude that this analysis suggests that the disturbance fol¬ 
lowing the elimination or constant variation of exteroceptive stim¬ 
ulation was due to the elimination of particular visual and olfactory 
stimuli, or patterns of stimuli, which served as directive cues A 
conclusive answer to this question requires that an experiment be 
conducted which has this problem as its definite objective 

VI Conclusions 

1 Previous investigations of the sensory control of the maze 
habit have shown that no single sense modality is necessary for the 
acquisition of the maze habit, but they have thrown little light upon 
the question of the extent to which each sense modality is normally 
utilized, either dining the acquisition of the maze habit or after its 
acquisition 

2 This investigation has shown that the riormal sensory con¬ 
trol of the double-alternation spatial-maze habit, after this habit 
has been acquired, is multiple 

a Most animals utilize both vision and olfaction 
b Most animals do not utilize audition 
c . Non-cxtcroccptive processes (including proprioception) are 
not normally utilized by most animals 

cL Some animals who utilize vision and olfaction can le- 
acquire the maze habit in the absence of exteroceptive stimulation. 

e The non-exteroceptive pioccss utilized by the few animals 
who do not normally utilize vision, olfaction, or audition, and by 
those animals who can reacquire the habit in the absence of extero¬ 
ceptive stimulation, remains to be identified. This non-exterocep- 
tive process may be proprioception, 

3, The exact nature of the role of vision and olfaction in this 
maze habit lemains to be detctmined. Our results suggest that 
specific visual and olfactory stimuli, or patterns of stimuli, arc util¬ 
ized as directive cues. 

4 The effect upon the accuracy of maze performance of the 
elimination of an individual sense modality is not a satisfactory 
measure of the extent to which that modality is normally utilized 
a . If sensory control is multiple, dependence upon the modali¬ 
ties which icmain will mask the extent to which any single elim¬ 
inated modality is normally utilized. 

b In the double-alternation spatial maze, both vision and 
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olfaction are normally utilized. Animals from whom vision is 
eliminated are not disturbed because they then utilize olfaction 
Animals fiom whom olfaction is eliminated are not disturbed be¬ 
cause they then utilize vision. 

5 Whether tile normal sensoiy conti ol of the type of maze 
ordinarily employed in animal experimentation is like that of the 
double-alternation maze remains to be dcteimincd, 

a The double-altei nation spatial maze is constructed so as 
to limit the possibility of the use of proprioception as a souice of 
sensory guidance In the type of maze oidinarily employed in animal 
experimentation, no attempt is made to limit the possibility of the 
use of propiioception In such a maze, pioprioception may play a 
much more important role 

b The fact that the double-altei nation spatial-maze habit is 
controlled by multiple stimuli suggests very strongly that the normal 
sensoiy control of other types of mazes is also multiple 

6 The multiple sensoiy control of the double-alternation spatial- 
maze habit ts compatible with a conditioned-}espouse explanation of 
the development of this habit 
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LE CONTROLS SENSORIEL NORMAL DE L’lIAIUTUDE PERFEC¬ 
TIONS DU RAT BLANC DANS LE LABYRINTHE SPATIAL 
A ALTERNATION DOUBLE 

(Resume) 

Le but de cette 6tudc a 6t^ unc evaluation dll dcgr6 auquel le rat blanc 
depend normalement de la vision, de 1'olfaction, de Touic, ct de la propno- 
coption pour une execution sans erreuis dans le labyrinthe spatial b. 
alternation double apres qu’il J’a bien appm Apres que des animauv nor- 
maux avaient appns un labyrinthe de 9 parties, on a 61imine divcrscs modali¬ 
ty ext^roeeptives, seulcs et combines, et ensuite on a teste les ariimaux dans 
le labyrinthe Chez lea ammaux qui avaient repete I'apprentissage, on a 
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limine dVitres modahtes ct on les a encore testea On a obtenu les r£- 
sultata getieraux suivants. (1) L’elurunation tic In vision, tie Polfaction, ou 
de J’ouie, individuellcmeiitj n’a pas deiang6 [’execution dans le labyrinthe 
(2) L'elimination sirntiUajtie de la vision et de Polfaction aw moyen d’opera- 
tions sur Tammal, ct l’elimination de toute stimulation exteroceptive con- 
stante au moyen de Jfl manipulation du milieu de Pammal ont cause un 
giand derangement, la plupart dcs animaux perdant complement I'habi- 
tude (3) Lamination de la vision chez les animnnx anosmiques, et 
rumination de i’olfAction chez les animaux aveugtes, ont cause un grand 
derangement (4) L’dtimination de Pauie chez les animaux aveuglcs- 
anosmiqncs n’n pas cause un deiangement Ccs resultats amenent la con¬ 
clusion que 1c controle sensonel normal de Vhabitude peifectionnce du 
labyrinthe spatial a alternation double est multiple La plupart des ani¬ 
maux utihsent la vision ct I’olfnction, et n’utihsenc m Pome m 1q proprio¬ 
ception Les animaux ne sont deranges m par rumination dc la vision 
seulc, ni par celle de Polfaction scale, parce quhls utilisent puis 1'olfaction 
on In vision, rcspectivement L’absence d'un effet suivant ^elimination d’une 
seule modahtc ne temoigne pas d’unc fa^on satisfaisantc que cettc modaht£ 
n’est pas utilis^e quand ellc est disponible, 

Casper 

DIE NORMALE SENSORISCHE BEHERRSCIiUNG DER FERTIGEN 
GEWflHNUNG WEISSER RATTEN IM DOPPELT ALTER- 
NIERENDEN RAUMLICHEN LABYRINTH 

(Referat) 

Der Zweck dieaer Untersuchung war cme Abschntzung des Grades, zu 
welchcm die Albmorattc normal vom Sehvcrmogcn, Geruch, Gehor, und 
von der Propnoception fur fchlcrlosc Leiatung mi doppelt altermeicnden 
raumlicken Labyrinth abhatigig i&t, nachdem die Bcherrachung gewolineu 
worden 1st Nachdem normale Tieie ein Labyrinth von neun Einheitcn 
eilernt hatten, wurden verschiedene exteroceptive Modahtaten allein und 
in Veibindung elimimeit, und dann wurden die Tierc un Labyrinth 
gepruft Von dicsen Tieren, die wiedererlernt batten, wurden vveitere 
Modalitaten eliminiert, und die Tiere wurden wiedergepruft Man crhielt 
die folgenden allgemeinen Eigebnissc L Die Eliminierung des Sehver- 
mogens, des Geruchs oder dcs Gcliors, je fur sich nllein, hatte keine 
Stoning der Labyrmthleistung zvir Folge % Die gletchg.eiUge Elimination 
des Sehvermogens und des Geruchs durch Operationen am Tiere und die 
Elimination alien konstantin Reizung durch die Manipulation dei Umgcbung 
des Tieres, hatte cme auffallige Storung zur Folge Die meisten dei Tiere 
verlorcn die Gcwohnhcit ganz 3 Die Elimination dcs Sehvermogens bei 
anosrmschcn Tieren, und des Geruchs bei blimlcn Tieren, hatte erne 
auffalhgc Stoning zur Folge. 4 Die Elimination des Gehors bei blinden- 
anosmischcn Tieien hatte keine Storung zur Folge. Dicse Ergebnisse 
fdhren zum Schluss, class die normale sensomche Deheirschung der 
facher Nntur 1 st Die ineisten Tiere benutzen sowohl dag Schvermogcn als 
auch den Geruch und benutzen das Gehoi oder die Proprioception mcht 
Die Tiete werden durch die Elimination des Sehveimogcns allein oder des 
Geruchs allein mcht gestort, wcil sie dann den Geruch oder be 7 iehungs- 
weiae das Sehvermogcn benutzen Die Abvvesenheit einer Wirkung nach 
der Eliminierung einer einzclncn Madalitat, 1st kein genugender Bcwcis, 
dass diese Modalitdt mcht benutzt wird, wenn sie bemitzbar ist 
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EMOTIONAL STABILITY OF THE HARD OF 
HEARING* 

From Teachers College, Columbia University 


Rudolf Pintner 


Deafness in any degree is supposed to cause emotional disturbances 
which make the deaf individual less stable than the hearing indi¬ 
vidual. Numerous writers, scientific and non-scicntific, have made 
various statements with reference to such characteristics of the deaf 
and hard of hearing 1 The argument generally is that the loss, or 
partial loss, of hearing causes a disturbance of the personality in 
some form or other. The shock to the peisonality is presumed to 
be particularly severe if the loss of healing comes during or after 
adolescence. 

All such beliefs have, up to the present time, been based upon 
casual observations No one has attempted a strict comparison of 
hypacousic and hearing individuals by means of modern tests. The 
one notable exception is the recent work of Welles (1), who used 
the Bernreutcr Personality Inventory with a population of about 
two hundred hypacousic individuals of various types, together with 
suitable control groups of hearing individuals, Welles found the 
hypacousic group to be significantly moic emotional, more intro¬ 
verted, and less dommant than the hearing control group. He found 
no significant difference between the two gioups on the Bernrcuter 
measuie of self-sufficiency, A small gioup of prominent hypacousic 
individuals showed no differences in these four measures as com¬ 
pared with hearing controls, Furthermore, the same author found 
no relationship between amount of neurotic tendency and such factors 
as number of years deafened, age at loss of hearing, residual hearing 
in the better ear, hours of lip-reading training, and the like 

The present study carries on the work of Welles by the use of 
the same tests and technique with a somewhat different group of 
hypacousic individuals, The individuals tested by Welles con- 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 12, 1933 
l See the summary of such comments in Welles (1) 
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sisted of individuals living in laige urban centers, who were members 
of the local societies for haid-of-hearing individuals. The indi¬ 
viduals in this study were isolated hard-of-hcaring people scattered 
all over the United States and Canada. Through the splendid co¬ 
operation of the editors of The Auditory Outlook? the writer was 
able to obtain the names and addresses of individuals belonging to 
a correspondence club of isolated hard-of-heaiing people To these 
individuals were sent a letter explaining the puipose of the investi¬ 
gation, a copy of the Beinrcutcr Personality Inventory, and a 
questionnaire calling for personal data with reference to deafness 
and social standing. In addition, «i similar duplicate set of test 
blanks was enclosed for the hearing contiol individual. As in the 
Welles study, the hypacousic individual was asked to choose his hear¬ 
ing control As the letter put it. 

<( Will you ask a hearing fnend of yours, either as a con¬ 
tribution to a scientific study or as a personal favor to you, 
to fid out these folders as you have clone and marl them in the 
addressed and stamped envelope? This friend should be with¬ 
out any hearing difficulty, of the same sex as yomsclf, and of 
about the same intelligence and social position" 

The anommity of both subject and control was carefully guarded. 
Replies Received The tests and papers described above were 
sent to 221 hypacousic individuals scattered all over the United 
States and Canada Replies from 142 hypacousic subjects were re¬ 
ceived, This is a return of 64%, an extremely good return con- 
si denng the amount of time and work demanded by the questionnaire. 
However, not all of these 142 hypacousic subjects were accompanied 
by control heating individuals A total of 94 pairs (one hypacousic 
and one hearing control chosen by the hypacousic subject) were 
received, this is 43% of the 221 cases This is an extremely satis¬ 
factory return considering that the subjects had to find a hearing 
friend who would also be willing to fill out the questionnaire. There 
were 48 hypacousic questionnaires without hearing controls and 4 
hearing questionnaires without hypacousic control*. In this study 
only the 94 cases with adequate hearing contiols have been used 
In the letter sent out to each subject the cxperimentei promised a 
personal report some thiec months later, piovided the subject sent 

J Thc writer wishes to thank Mis Laura Stovcl, Associate Editor of The 
Auditory Outlook, for her help and intciest m this study 
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his number to the cxpciunenter. It was thus optional with the sub¬ 
ject whether he cared to have the lcsults of the Beinrcutcr test or 
not To get these results he had to preserve a blank with his number 
for three months, then he had to mail this to the writer, paying the 
postage himself Out of the 94 hypacousic individuals considered 
jn tins study 53, or 56%>, took all the trouble described above m 
order to get the test lCsults, of the 94 hcanng controls only 29, or 
31%, wrote for replies In general, the results show a great in¬ 
terest on the part of the hard of healing in an inquiry concerning 
their handicap, and a willingness to cooperate at the expense of 
time and trouble 

Similarity of Experimental and Control Groups Whether the 
221 hypacousic individuals to whom tins test was sent arc representa¬ 
tive of hypacousic individuals in Canada and the United States, we 
do not know, whctliei the 142 subjects who answered the question¬ 
naire are leprcscntativc of the 221 to whom it was sent, we do not 
know. And it is idle to speculate The 9+ hypacousic individuals 
dealt with in this study do, however, seem to be representative of 
the 142 who sent in returns The general distribution of N scores 
on the Berm cuter is not changed by the omission of the 48 cases 
for whom we have no hearing controls. The mid-score changes only 
by 2 or 3 points, which is negligible on the extensive Bernreutcr 
scale. 

More important foi this study, dealing with 94 paired hearing and 
hypacousic individuals, is the question as to whether the method of 


TABLE 1 

Comparison of Hypacousic and Hearing Groups 



Mean 

Exp 

Cent 

Exp 

Sigma 

Cont 

r 

No, pairs 

Age 

Self— 

46 15 

42 80 

13 60 

13 65 

65 

77 

education 
Self—■ 

13 05 

13.17 

3 01 

281 

46 

69 

business 

Self— 

11 20 

12 20 

l 99 

242 

54 

30 

salary 
Relative— 

1 38 

1 84 

69 

86 

13 

28 

business 
Relative— 

11 93 

1170 

2 81 

2.92 

31 

49 

salary 
Relative— 

212 

2 93 

34 

1 50 

11 

21 

education 

13 07 

13 00 

3 33 

2 56 

06 

44 
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securing controls gave pairs simitar m age, education, and social back¬ 
ground. The pertinent facts gatheicd from the questionnaire are 
shown in Table L The correlations in the sixth column are be¬ 
tween the individuals of each paired gioup These correlations show 
a fair dcgiec of similarity between the contiol and experimental 
individual with reference to age, to the education and business of 
the icportci, and to the business of their nearest self-supporting rela¬ 
tive. The rest of the table shows the means ami sigmas of the two 
groups A study of this shows that the two groups are very similar. 
The groups of hypacousic and hcaiing individuals are only three and 
one-half years apart in age; they have had practically the same 
amount of education, showing an average of one year in college; on 
the Barr rating of their occupations they differ only by one point, 
the hearing being superior; the difference in salary is less than one 
thousand dollais, the control group being slightly higher; the last 
three rows refeiring to the nearest self-supporting relative are again 
very similar The salary items are given in thousands of dollars 
and we note that they arc the least frequently answered. On the 
whole, however, we are justified in concluding that the two groups 
are very similar in age, education, and general social status, so far 
as the latter can be inferred from the information about the business 
of the reporter and his neaiest self-supporting relative, the salaries 
and educational level attained. Although the correlation between 
the pairs for several items is at times very low, the means and sigmas 
show that the groups ac a whole are fairly similar. It would seem, 
therefore, that the method of having the experimental subject pick 
his own control may result in fairly similar groups under favorable 
circumstances. 

The Personality Measures . If we now compare the hypacousic 
and hearing gioups on the four traits of the Bcrnreuter Inventory, 
we have the results shown in Table 2. The means for the two 
groups come first, followed by the sigmas, then the difference be¬ 
tween the means with its sigma and the usual ratio, then the correla¬ 
tion between the paired individuals and the numbci of pairs. 

The first row, BTN, is the measure of neuiotic tendency. The 
difference of 34 points between the means is statistically significant 
The hard of hearing would seem to be more emotionally unstable 
than the hearing The control group’s mean scoie is equivalent to 
the 53rd percentile norm for Bernreutcr's adult women The 
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members of tins group are evidently very similar to Bernreuter l s 
group, and, thus, oui method of choosing contiols seems to have led 
to a normal group on this trait The hypacousic gioup, however, 
obtain a mean score of 14 points, which is equivalent to Bernreutcr's 
69th percentile They aic evidently very much above the norm in 
the dncction of emotional instability Of the hypacousic, 64, or 
68%, exceed the median of theii hcaiing controls The difference 
between the hearing and hypacousic in nemo tic tendency as measured 
by this questionnaiie seems to be clearly marked 

The second row shows the B2-S scoies oi measures of self-suffi¬ 
ciency. High scores indicate a piefcrence for being alone, a tendency 
to disregard the advice, sympathy, cncoui agement of others. Low 
scores indicate the opposite tendency In this trait we find no 
difference between the hearing and the hypacousic The means ami 
sigmas are practically identical The mean for the hypacousic group 
col responds to Bernreutcr’s 62nd peicentile norm, the mean for 
the hearing corresponds to the 57th peicentile norm Both our 
groups would, theiefore, appear to be slightly moic self-sufficient than 
Beinieuter's standard group, 

The B3-I scoies in the third row of Table 2 give a measure on an 
intioveision-cxtroversion scale. High scoies show a tendency to be 
introverted; low scoies, to be extroverted The latio shows a fair 
degiee of statistical ^liability, The hypacousic are more intioverted 
than the hearing. In comparison with Beimeuter's noims, the 
hypacousic mean conesponds to the 74th percentile, while the hear¬ 
ing mean corresponds to the 56th peicentile Both groups are thus 
more introverted than Bernrcuter’s group, the hypacousic group 
veiy markedly so. These findings for introversion-extroversion 
agree with the results on neurotic tendency. As has been frequently 
pointed out, Bl-N and B3-I scores probably measure much the same 
thing. 

The last iow of the table shows the scores for dominance. Those 
scoring high, in Bernreuter’s words, "tend to dominate othcis in 
facc-to-face situations. Those scoring low tend to be submissive/' 
The difference between the means for our two gioups is fanly re¬ 
liable. The hypacousic group rate themselves as much moic sub¬ 
missive than the hearing control group Our control group score 
of 10 corresponds to the Beinicuter 46th percentile, being thcrcfoie 
very similar to his adult women Our hypacousic group has a mean 
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score which conesponds to Bermeuter’s 30th percentile, and thus is 
considerably more submissive than the average hearing individual 

To sum up this comparison of the hvpacousic and healing, we 
may say that this hypacousic group is markedly moic neurotic, more 
introverted, and more submissive than its contiol hearing group; 
it is, however, just as self-sufficient as the hearing control group. 
If we compare our hypacousic group with Bcrnrcutcr’s standards foi 
adult women, wc find percentiles of 69 for neurotic tendency, 62 foi 
self-sufficiency; 7+ foi introversion, and 30 for dominance This 
confirms the comparison of hypacousic and hearing gioups in oui 
study, except foi the trait of self-sufficiency. In gcneial, however, 
the picture here presented of the hypacousic individual, namely, that 
he is likely to be somewhat more neurotic, slightly more introverted 
and less dominant, seems to conespond well to oidinary observation 
The diffeienccs between the hypacousic and hearing aic not laige, 
hut they piobably arc ical, 

Personal Factois Certain items of mfoimation about the hypa¬ 
cousic individuals weic gathcied by means of the questionnaire It 
will be of interest to note whcthci any of these items are significant 
with reference to the Bl-N or neurotic-tendency measure. This 
measure is chosen because it differentiates most significantly between 
the hypacousic and hearing groups The corielation ratios between 
ncuiotic tendency and three of these personal items are as follows* 



eta y * 

eta a y 

Mean 

N 

Age of loss of heailng 

.08 

01 

21.6 

78 

Number of years deafened 

09 

02 

25 8 

78 

Hours of lip-reading instruction 

03 

02 

78 6 

35 


It might have been supposed that the age at which hearing be¬ 
came affected would have influenced the individual’s adjustment to 
life, the earlier the age, the moic readily might the individual adjust 
But wc find no evidence foi this in oui data Neithci do we find 
that the greater number of years of deafness plays any mcasuiable 
pait in adjustment, as might also have been supposed. It was thought 
also that the individual who had studied lip-reading for a long time 
might be better adjusted, but here also our corielation is zcio Note, 
however, that the numbeT answering this item is very small 

There is no lclationslup therefore between neurotic tendency and 
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any of these three factois The mean age of loss of hearing is 21.6 
years; the mean numbei of years of deafness is 25.8; and the mean 
estimated number of hours of lip-reading lnstiuction is 78 6 hours 
Three other personal items may best be studied by comparing the 
difference between the mean scoics in neurotic tendency of those 
answering “yes” and of those answenng “no.” Table 3 piesents the 
data The first low of the table tells us that 46 subjects said they 
had training in lip-reading, whereas 32 said they had none. The 
untrained gioup has a higher neurotic score by 25.6 points, although 
the difference between the means is not statistically reliable. With 
a larger and more leprcsentative population of hypacousic individuals, 
this difference mighl become significant, and, if so, the hope would 
arise that tiatnmg in lip-reading might help towaid personal ad¬ 
justment. From the second row in the tabic we learn that 35 sub¬ 
jects used mechanical aids foi healing, whereas 44 did not, and \vc 
find no difference in neurotic score between these two gioups The 
last row tells us that 59 individuals sufteietl from tinnitus and 19 
did not The ncuiotic score of the suffeiers is 16 points higher than 
that of the non-suftcrci s It shows moic emotional instability, al¬ 
though the diffeicnce is not statistically reliable. Welles found a 
much laiger difference in the same direction as our data. If we com¬ 
bine the cases rcpoited by Welles with our own, we have the follow¬ 
ing* 



M 

Yes 

<r 

N 

M 

No 

a 

N 

Did 

<7Chff. 

Rntlo 

Tinnitus 

+7 3 

86 0 

187 

—22 5 

S5 3 

83 

29 8 

H 24 

2 65 


Here the diffeicnce between the two gioups is about 30 points and 
the latio of the difference to its standard deviation is almost tlncc. 
It would seem that persistent head noises are likely to go along with a 
higher neurotic score. 

Interest in Results As explained above, those who cared to have 
individual scores could get them by wiiting to the cxpcnmcntcr 
after a three months 1 intcival. We have seen that 56 °fo of the 
hypacousic and 31% of the hearing controls took the trouble to 
write for results, thus indicating their gieat interest in this experi¬ 
ment Are the more ncuiotic or the less neurotic individuals primari¬ 
ly interested in knowing their own scores? Again we might theorize 
at length about this point, but let us look at the results The dis¬ 
tributions of 131-N scores for those asking for results and those not 
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asking are practically identical both for the hypacousic and for the 
hearing, So similar aie they that we have not calculated means and 
sigmas and differences For the hypacousic the mid-scores are -j-18 
for those asking foi results and -|~26 for those not asking; for the 
healing contiols the mid-scot c& are —30 and —32 respectively 
Hence wc may conclude that interest in knowing about oneself does 
not seem to be related to neurotic tendency. 

Vaiiom Hypacousic Gioups Bv mcorpoiating the diffeient hypa¬ 
cousic groups studied by Welles with our gioup, we may compare 
vaiious gtoups of hard-of-hcaiing individuals The mean scores 
on the four tiaits arc shown m Table 4, together with the equivalent 
percentiles for healing adults taken fiom BcinicutcFs latest noims 
The fiist gioup, called “successful,” consists of 31 prominent hard- 
of-hearmg individuals tested by Welles, the second group is the total 
group tested by Welles, which includes the successful and the uiban 
gioup The urban gioup is the carefully paned gioup of Welles, 
consisting of members of leagues for the Imid-oMicaimg in urban 
centers The total hypacousic gioup con lams all cases tested by 
Welles arid the writer up to the present time The last group 
consists of the isolated rural individuals discussed in this study 

The gtoups have been ariangcd in order of incicasing ncuiotic 
tendency. The equivalent heating percentile shows that the success¬ 
ful hypacousic aie less neurotic than oidinary hearing individuals 3 
All the othei gioups arc more neurotic than the hearing The 
total hypacousic gioup is nt the 66th percentile foi the hearing The 
isolated hypacousic show the highest neuiotic scoie Reasons for this 
may be either that they have guvitated to nioie isolated regions 
because they aie fundamentally neurotic, or the isolation of their 
lives has increased Llieir neuiotic tendency 

On the B2-S or self-sufficiency scoie all the groups arc above the 
healing median All the hypacousic gioups aie much alike, except 
the successful group The hypacousic chftei only slightly, if at .ill, 
from the hearing on this trait 

The measuie of introvcision m B3-I shows lcsults veiy much 

^he equivalent hearing percentiles are taken from Beinicutcr’s norms for 
adult women Some of the hypacousic groups contain a few men, but 
there are so few that they would not materially affect the general results 
The Welles total gioup consists of women only, among the isolated group 
there are only twelve records from men 
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like those for neuiotic tendency It is probably much the same 
thing The successful group falls below the healing median, and it 
is again shaiply differentiated from the other deaf gioups The 
isolated aie very introverted, the mean appioximating the 74th per¬ 
centile for the hearing. 

The meabuic of dominance or B4-D bhows the successful group 
very dominant and again sharply diffeientiatcd from the other deaf 
groups. All the other deaf gioups are less dominant than the aver¬ 
age healing group. The isolated group scores aie very low on 
this trait. As a group they lack self-confidence and are more 
heavily weighted with feelings of infenoiity than is usual among 
hearing people. 

All of the comparisons made between the various hypacousic 
groups show the successful group at one end and the isolated at 
the otheu Those who have become recognized as successful among 
then hard-of-hearing comrades aie characterized as stable, dominant, 
extroveitcd, and very self-sufficient. On the other hand, the isolated 
hypacousic are unstable, introverted, and submissive The hypa- 
cousic as a group aie also chaiacterizcd as unstable, introverted, and 
submissive, but not to the same extent as the isolated group 

If the traits measured by the Beimeutei are native tiaits, then 
we may say that those in the successful group became successful 
because they possessed more of such traits. If the traits are purely 
due to environmental opportunities, then they developed such traits 
owing to a greater number of opportunities. Undoubtedly, neither 
of these extreme statements is true. The successful were probably 
better endowed to begin with and also had better opportunities 
The isolated are probably less well endowed to begin with and lack 
many opportunities to lcain how to make adequate emotional adjust¬ 
ments The fact, however, that the hypacousic as a group fall 
decidedly lower on three of the traits than do their hearing contiols, 
who in other respects are much like them, points to the loss of hear¬ 
ing as being a major factor in the poorer adjustment of the hypa¬ 
cousic When one considers the mental shock resulting fiom the 
loss of heanng, one is surprised, that the hypacousic do as well as we 
have seen they do on these questionnaires That so many reach or 
exceed the median score for the heming leads one to believe that 
careful training and guidance may help many more hypacousic indi¬ 
viduals to attain adequate emotional adjustment 

Personal Histoiy One page of tile questionnaire was reserved 
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for a personal opinion as to how well adjusted the subject felt he 
had been before his loss of hearing; as to how he felt at the time 
he realized that he was becoming deaf; and how well adjusted he 
thought he was at the piescnt time Most of tile subjects wrote 
something on tins page. Some of them covered sevcial additional 
sheets and gave a moic 01 less detailed personal history. Most of 
them seemed amazingly fiank in their statements and the writer felt, 
when reading these statements, that many of the subjects welcomed 
this opportunity to write about themselves, either because it was a 
relief to them to tell then troubles or because they hoped it might 
be of seivice to othei hypacousic individuals. 

These peisonal statements weie roughly tabulated in the categories 
shown below: 


Before hearing losa 


At present tune 


Well-adjusted 

SO 

Wcll-ndjustcd 

23 

Fairly well-adjusted 

s 

Reconciled 

42 

Not well-adjusted 

14 

Not well-adjusted 

17 

No statement 

39 

No statement 

9 


Before the loss of hearing a gieat many felt they had been well- 
adjusted, happy individuals. Undoubtedly this period would seem 
a “golden age” to them as they look at it from their present view¬ 
point, as liard-of-heanng individuals The surprising thing is that 
as many as fourteen could be classified as maladjusted during tins 
period. Many made no real statement about their feelings. Some 
indicated that defective hearing had been present so early in life that 
they never had known a period free from this handicap 

Looking now at the classification of the group at the present time, 
we note at once that almost all of them could be classified, only nine 
giving no hint at all as to their piescnt adjustment The laigest 
group is the “reconciled” group. Here aie the individuals who have 
recovered fvom their initial shock and are making the best of a handi¬ 
cap that cannot be cured, they would like tilings to be diffeient, but, 
since that cannot be, they do the best they can Pei haps the ma¬ 
jority of people, hearing as well as hypacousic, would belong to tins 
group. Turning now to the well-adjusted group, one is surprised to 
find so many who state that they arc happy and contented with life 
These arc the optimists They have reconstructed their lives as 
hard-of-hcaring individuals. A few even feel that their handicap 
has made them face reality, struggle with it, and conquer it in a way 
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they never would have done, had they not gone through the terrible 
experience of losing then hearing. Their struggle has brought forth 
personal lesouices which otheiwise might have remained undis¬ 
covered. Then we have the group of individuals who at present do 
not feel well adjusted to life They describe themselves as unhappy, 
nervous, hopeless, 01 depiessed, Some have a feeling of resentment 
against a fate that has treated them so scurvily. Why should they 
be picked out to suffer this ternble affliction ? In several cases, how¬ 
ever, one feels, as one reads their frank statements about their diffi¬ 
culties, that loss of hearing has little to do with their present malad¬ 
justment; that this is due primarily to family or economic worries, 
which would be just as acute even if they were normal hearing indi¬ 
viduals But, of course, all of them feel that they could do better 
if they had their hearing, and so they feel that the chief cause of their 
maladjustment is their hearing handicap. 

If, now, wc inquire as to the feelings of our subjects at the time 
of their loss of hearing we have the following classification . 


Despair, resentment, etc 

31 

Lost nerve 

+ 

Humiliation, shame 

10 

Gradually withdrew 

7 

N-ever 1 caily unhappy 

8 

No real statement 

31 


Despair and resentment, either or both, arc the most common de¬ 
scriptions of the feelings of these individuals The realization that 
they will never again be able to hear normally comes as a piofound 
shock, particulaily when the loss of hearing is sudden and when it 
comes during adolescence or later A feeling of humiliation and 
shame is frequently mentioned, particularly when the loss comes 
during adolescence, and this feeling of shame or humiliation, is often 
caused 01 intensified by the behavior of hearing individuals in con¬ 
tact with the subject. The hearing person is impatient, thinks the 
deaf man is inattentive, that he can hear if he wants to, and so on 

Some of the shame, humiliation, and despair could be assuaged by 
educating the hem mg about the pioblems of the hard-of-hearing and 
the deaf. 

The large mimbei of cases where we have no real statement of 
feeling at the time of beginning deafness is due to the fact that loss 
of hearing in many cases begins caily in life and piogiesses so giac!- 
ually that there is no point of time wheie hearing ends and hypacou- 



EMOTIONAL STABILITY OF THE HARD OF HEARING 


307 


sia begins In these cases shock is avoided The individual merges 
slowly into the hard-of-hearing group 

In these pcisonal histones we noted in ten cases where lip-icading 
was specifically mentioned as the chief means of adjustment, although 
no question as to lip-reading had been asked m this part of the ques¬ 
tionnaire The important pan played bv lip-Tcading in personal 
adjustment was felt so strongly in these ten cases that it was espe¬ 
cially emphasized 

Personal Histones and Neuiotic Inventory The personal his¬ 
tory contained the subject’s account of his adjustment at the present 
time. These accounts weic grouped by the writer into three cate¬ 
gories: (1) well-adjusted, (2) reconciled; (3) maladjusted. Many 
statements were so indefinite that they could not be classified Sev¬ 
eral subjects gave no real statement as to their present adjustment, 
The icsults from 77 women and 11 men were available. It will 
be of interest to compare these groups with their scores on the Bern- 
reuter for neurotic tendency Tile mean scores for the women arc as 
follows ’ 



Mean 

Hearing percentile 

N 

Well-adjusted 

-1- 7 S 

67 

23 

Reconciled 

+141 

69 

43 

Maladjusted 

+47 7 

81 

11 


The means mcieasc in the light direction The maladjusted gioup 
shows marked neurotic tendency and is definitely set off from the 
other two groups. The mean score is equivalent to the 81st per¬ 
centile for hearing women The maladjusted show their deficiency 
quite definitely in answering the Bcmreutcr Inventoiy The other 
two groups are not really differentiated by means of the Bcrnrcutci 
Inventory, Thcie is little difference between the means (although 
it is in the right direction), and the overlapping of scores is very 
great Wc find in both gioups individuals making very high neu¬ 
rotic scores A subject’s statement may seem to indicate splendid 
adjustment to life, or it may seem to indicate that the subject is 
reconciled to her handicap of deafness, and, nevertheless, the score 
on the Bernreuter may show a vciy high degree of neurotic tendency 
Considering, however, the subjective natuie of the individual’s state¬ 
ment and the unreliability of the writei’s classification, we may 
conclude that on the whole this companson strengthens our belief 
in the validity of the Bemieutcr Inventory 
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The results for the men aie limited to eleven papers, too few for 
any statistical evaluation. Four wcie classified as well adjusted and 
only one of these had a high neurotic score as compared with hearing 
percentiles. Four were classified as maladjusted and three of these 
had high neurotic scores. Of the three in the “reconciled” group, 
one rated high, one medium, and one low in neurotic tendency. 

Happiness and Neuiottc Tendency One item on the question¬ 
naire was, “Are you happy in your present employment?” Of the 
94 individuals considered in this study, only 30 answered by an un¬ 
qualified “Yes, 11 and only 11 by an unqualified “No” All the rest 
modified their statements in various ways or left this question un¬ 
answered. Taking those who answer “Yes” or “No,” we have the 
following means for neurotic tendency on the Bernreutcr* 



Mean 

Hearing peicentilc 

N 

Yes 

+24 9 

73 

30 

No 

+22.3 

72 

11 


Here the means for the two groups are piactically identical. Those 
who consider themselves happy in their present employment and those 
who do not are not different in their neurotic tendency scores The 
mean score of those who answer this question by either “Yes” or 
“No” is somewhat above the mean ncuiohc score for our total group, 
which is -j-13.6 The difference is not very great. Are the neu¬ 
rotic more likely to answer in an unqualified manner? Are they 
more likely to go to extremes in theii feelings and statements? 

Summary . This study reports the resuLts of the Bcrnreuter In¬ 
ventory for 94 hypacousic individuals living in small towns and rural 
communities They aie compaied with hearing individuals chosen 
by themselves The hypacousic and hearing groups are very similar 
in age, education, and social background The results of the Bern- 
reuter test show our hypacousic group to be decidedly more neurotic, 
more introverted, and more submissive than its control hearing group. 
If we compare our hypacousic group with Bernrcuter’s standards for 
women in general, we find that they deviate in the above three traits 
and, in addition, show themselves more self-sufficient than hearing 
women, 

We find no relationship between neurotic tendency and age of loss 
of hearing, number of years deafened, number of hours of lip-reading 
instruction, or use of a mechanical hearing-aid Our data do, how¬ 
ever, suggest that those who are free from head noises and those who 
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have had training in lip-reading are likely to have slightly lower 
neuiotic scores than those who suffer from tinnitus and than those 
who have had no training in lip-reading. 

A comparison of our isolated hypacousic gioup with Welles’s urban 
and successful groups shows the isolated group to be more heavily 
loaded with the undesirable traits. This was to be expected. Their 
isolation restricts the opportunities for readjustment and re-educa¬ 
tion. 

A study of the personal histories of our hypacousic group gives 
us added confidence m the Bernreutcr Inventory. Those who are 
clearly maladjusted show a very high neurotic score There is, how¬ 
ever, only a slight difference in neurotic score between the well- 
adjusted and the intermediate or icconcilcd group. 

The picture of the average livpncousic individual given us by the 
Bcrnrcutcr test does not show such a marked deviation from the 
average hcaimg individual as might have been imagined from a 
priori considerations alone. The shock of deafness is great, particu¬ 
larly if it comes suddenly and in adolescence That so many indi¬ 
viduals would seem to be able to readjust their lives more or less 
satisfactorily with little or no help, would lead one to hope that a 
deeper understanding of the peculiar psychological difficulties in¬ 
volved might eventually give rise to a technique of re-education 
that would bring about an adequate readjustment more speedily and 
to a larger number of individuals 
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LA STABILITY ^MOTIVE DE CEUX QUI ONT L J OREILLE DURE 

(Resume) 

Cette etude mesure la stability ^motive des adultes qui out Poreille dure 
Dea individua isolea a l’orielle dure aont compaies avec des amia com¬ 
parables maia normals, On a employe Plnventane dc Personality de 
Bernieuter, un questionnaire, et une histoire personnels, 

L’lnventaire montre que la personne A Voreillc dme est tUcid£inmem 
plus n^vrosiquc, plus intioverti et plus aoumis que cclIe qui entend bien 
On n'a trouve aucune relation entic In tendance n^vroaique et 1'age auquel 
I'ouie a iti perdue, les annees pendant lesquellcs on a souffert la surdite, 
Ics heures d'mstiuction pour Ine les l£vrcs ou l’emplol d’une aide mecanique 
pour mieux entendre Les resuUats suggtrent que ceux. qui nc souffrent 
pas le tintement et ceux qui ont appris a lire lea l^vres auront probnblemcnt 
des l^sultats nevrosiques moms eley^s Une comparison de ce groupe 
isol£ et des groupea urbams montre que ce groupe poss^dc beaucoup plus 
de traits non desirables Lea lnstoirea personnclles montrent que ceux 
qui sont clatrement mal adaptea ont un reaultat nevrosique tres yiev£ 

Le portrait de l'indiyidu a l'oreillc dure sur I'Inventairc ne montre paa que 
deviation si marquee de celui qui entend bien qu'on I’ourait pu cioire Lc 
choc de la surdit£ cst grand, surtout si clle arrive tout ft coup et pendant 
[adolescence II parait que plusieurs individug savent rajuster leur vie 
d'une manure plus on moms satis!aisanlc avec tr£s pen d'aide ou sans aide 
Une comprehension plus profonde des difficultes psychologies specialcs ici 
en jeu pourrnit faire naltre h la longue une technique d’une instruction 
nouvclle qm fcrait venir une nouvcilc adaptation aatiafaisnirte plus rapide- 
ment et ft plus grand nombre d'mdividus 

PlNTNPR 


DAS AFFEKTIVE GLEICHGE WIGHT DER SCHWERHORIGEN 

(Refeiat) 

In dieser Untersuchung wurde das affektive Gleichgewicht schwer- 
horiger Erwachsencr gemessen Isolicite schwerhongc Individucn wurden 
nut ahnhehen, normal horenden Freundcn verghchen Es wurden zu der 
Untersuchung dna Bernrcuter'sche Personlichkeitsinventar [Bernieuter Per¬ 
sonal Inventory], cm Fragebogen, und Selbstbiogiaphien [peisonal history] 
der Versuchspcrsoncn verwendet 

Durch das Bernieuter’sche Invcntar wire! darauf hingewiesen, dnss die 
Schwcrhorigen bestimmt staikcr zui Nervositat neigen [moic ncuiotic], 
a Is die normal Hoienden, starker nach Einwarts gekehrt sind [more 
introverted]* und leichter nachgeben [more submissive] Man fand kerne 
Beziehung zwischen der Neigung zur Nervositat emeiseits und dem Altei 
der Versuchspcrson zur Zen der Verlust des Gehors, Zahl der 1 m Lesen 
von den Lippen [hp reading] verbrachten Stundcn, oder Gcbrauch eines 
median ischcn Horapparates andeiseits Die Befuncle wcisen darauf hin, 
dass diejenigen Versuchspersoncn die fxei von Tinnitus waren und 
diciemgcn, die im Lesen von Lippen geubt waren, in Bezug anf Nervo 9 itat 
die medrigsten Zahlen lieferten Durcb cine Vergleichung dieser Gruppe 
Lsolierter Individucn mit atadtischcn Gruppen win! erule'sen, dass erstere 
[?] [them] viel schwerer mit nicht-wunschenswerten Eigenschaften beladcn 
ist, Die Selbstbiographien zeigen, dass diejenigen Versuch 9 peisonen die 
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9 ich dcm Lebci) bcstimmt nichl gut angepasst haben [are clearly malad¬ 
justed] cine schr hohe Zflhl nevropathischcr Eigenschaftcn aufwctaen 
[have a very high neurotic score]. 

Das durch das Bcrnreuter’schc Inventsr gegebene Bild des schwer- 
hongen Individuums weicht von dcm Bild des normal Ilorcndcn mcht so 
stark ab, wic man es viellcicht erwartet hatte Die Erschutterung des 
TmibwcidCns [the shock of deafness] ist erne Starke besonders wenn sie 
plotzlich und in der Jugend kommt Vielen Individucn, aber, scheint es 
moglich zu sein, sick mehr-minder gut, mit wenig oder keincr Htlfc von 
Aussen, dcm Lcben aiwupasacn Em ticfcrca Vcrstandma fur die bcsondcrcn 
Sehwierigkciten dcr Schwerhongcn wurde viellcicht schlicsslich cine Tcchmk 
der Neuerzichung erzeugen welchc schneller und fur einc grosserc Zahl 
dcr Individucn eine gute Neu-Anpassung [readjustment] herbcifuhren 
wurde 

Fintner 



TWIN-SIMILARITIES IN PERSONALITY TRAITS* 1 

From the Psychological Laboratories oj Stanford University 


Harold D. Carter 


It is desirable that quantitative studies be made in ordci to give 
more exact and scientific infoimatton on the popularly accepted view 
of similarity of twins in personality traits The importance of ex¬ 
tending studies of twin-similarities to traits other than intelligence 
is obvious, but the movement has been held in check by the slow 
development of measuring instruments. It seems likely that such 
study will not only conti lbute much-needed information concerning 
twins, and the nature-nurture question, but will also further the aims 
of those interested in the measurement of personality traits. Knowl¬ 
edge of twin-similarities, bearing as it does upon the origin and de¬ 
velopment of the traits investigated, should contribute much to our 
understanding of the ti aits, and hence facilitate the construction of 
suitable instruments for measurement 

In dealing with personality trait constellations, thcic is likelihood 
that some facts will be discovered which do not parallel exactly those 
which are found for intelligence measures. For example, the writei 
has made the clinical observation that unlike-scx twins are in some 
ways more similar than fraternal like-sex twins, and it is likely that 
quantitative studies in this field will provide more accurate descnp- 
tions of that fact. Perhaps personality traits arc more affected by 
training and experience; if so, statistical studies will undoubtedly 
show results of interest for comparison with facts already established 
by use of intelligence tests. 

The Data 

The Bcrnreuter Personality Inventory was administered to a group 
of 133 pairs of twins, or a total of 266 subjects. This group in¬ 
cluded both like- and unlikc-sex pairs, and among the subjects were 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editoual Office, December 6, 1932 
The study rcpoited in this paper was carried out ns part of a more in¬ 
tensive investigation of twins which the writer conducted nt Stanford 
University as Social Science Rescaich Council Fellow GraLeful ac¬ 
knowledgment 19 made to Dr Lewi3 M Terman for helpful criticisms and 
suggestions 
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15 pairs of mature individuals, varying in age from 20 to 65 years. 
The others repicsent a random selection from the junior- and senior- 
high-school populations of San Jose, Palo Alto, and San Francisco. 
Separate tieatmcnt has been given the results for these disparate 
gioups. The subjects were classified into nnonofcVgotic and dizygotic 
groups, using the techniques described by Bomievie (3), Dahlbcrg 
(4), Siemens (8), Newman (7), Muller (6), and others, and now 
quite generally accepted. 

The Bemreuter Peisonality Inventory affords measures of four 
traits Table 1 presents sonic information concerning these traits, 

TABLE 1 

RELIADILITY COEFriClFNTS* AND INTTRCORRELATIOUS 1 OR THE TRAITS MEASURED 
BY THE BrRNREUTCR PERSON A1ITY INVENTORY 

(Data obtained on 128 Stanford students ) 



lil-N 

B2-S 

B3-I 

B4-D 

Bl-N (neurone tendencies) 

88 


93 

— n 

B2-S (self-sufficiency) 


S5 

— 28 

50 

B3-I (introversion) 



85 

— 73 

B4-D (dominance) 




88 


♦The reliability coefficients weie obtained by the split-half technique, and 
corrected by the Spearman-Brown formula 


obtained from the manual (1) For further information concern¬ 
ing the development and use of the test, the leader should consult 
the work of Bemreuter (2) As evidence for the validity of the 
measures, the manual piescnts the correlations with other measures 
which had already been developed for the separate traits. These 
coefficients arc veiy high. 

The use of this test offers special advantages, in that it is easily 
admmistcied, subjects enjoy taking it, and a minimum, amount of time 
on the part of the subjects is required These features, and the 
elimination of objectionable items, favoi more adequate eoopciation 
on the part of the subjects, which is quite essential because the data 
are based on self-estimates. In this study very good cooperation 
was secured, no cocicion was used, and none was necessary. Testing 
was done individually, and in small gioups, and was preceded by a 
few preliminary explanations designed to promote cooperation An¬ 
tagonistic responses were not aroused, the subjects took the tests 
willingly and with an eagerness to find out the results, which were 
subsequently reported to them 

The blanks were scoied for all four measures, although it is lecog- 
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nized that Bl-N and B3-I are rather highly correlated Means and 
standard deviations of law scores were computed for males and 
females separately, and standard scores computed Thus sex differ¬ 
ences were eliminated, making it possible to deal with the combined 
groups in computing coefficients of resemblance As the distribu¬ 
tions of scores seemed to be approximately normal, this procedure 
was pieferred lathei than use of the percentile scores to eliminate 
sex differences. 

Influences of Age and Intelligence 
Although it happens that the group is relatively homogeneous with 
respect to age, m view of the fact that age changes in some traits 
arc very rapid at this stage of development, it was considered de¬ 
sirable to study the possible influence of this factor on the scores ob¬ 
tained Table 2 shows the age correlations. 

TABLE 2 

Showing the Correlations of Age with Stgma Scores on the Four Scales 

OF THE BERNREUTCR PERSONALITY INVENTORY, FOR A GROUP OF 231 

Junior- and Senior-IIigh-School Students* 

The ages of the subjects ranged from 12 to 19 years inclusive, with a 
mean of 16 1 yenrs and a standard deviation of 148 years 



N 

r 

PE 

CA and Bl-N 

231 

00 

044 

CA and B2-S 

231 

09 

044 

CA and B3-I 

231 

04 

044 

CA and B4-D 

231 

IS 

043 


*In the group were 107 girla and 124- boys Since sigma scores were 
obtained sepaiately for boys and girla, sex differences in means and stand¬ 
ard deviations have been eliminated before combining the groups. 


Consideration of the actual distributions suggests that the correla¬ 
tions in Table 2 are not low primarily because of the curtailment of 
raugc, but rather because theie is in fact a very low correlation of 
these functions with age. Scores in a vocabulary or arithmetic test 
would have shown a much higher correlation over the same age range, 
The mam fact to which attention is called is that the coefficients 
are sufficiently small to show that the contribution of age to indi¬ 
vidual differences in the traits here dealt with is negligible for this 
group of subjects Partialling out age would not appreciably lower 
the coefficients of resemblance repoitcd later in this paper. Care has 
been taken to accoid sepaiate treatment to the small group of oldei 
subjects, in order that any age factor possibly opcintivc over a wider 
range cannot influence the results. 
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For a considerable number of the subjects, measurements of in¬ 
telligence were nvailable in the school records. Table 3 presents the 
correlations of these intelligence scores with the traits of person¬ 
ality 

TABLE 3 

Showing the Correlations or Term an Group Test IQ's with Sigm \ Scores 
on the Four Scat ns ol the PmsoNAi ity Inventory, for a Group 
of 148 Junior- and Sfnior-IIigiI'Scuooi Students* 



N 

r 

PE 

IQ and Bl-N 

148 

04 

055 

IQ and B2-S 

148 

10 

054 

IQ and B3-T 

148 

05 

055 

IQ and B4-D 

148 

— 01 

055 


’This group for which intelligence measures were available included 81 
boys and 67 girls This sample i9, so far ns is known, fairly representative 
of the total group The IQ’s langctl from 73 la 140, with a mean of 102 7 
and a standard deviation of 13 S points The ages ranged from 12 to 19 
inclusive, with a mean of IS 9 and a stand a id deviation of L 57 years The 
correlation between IQ and age was —19 for this group uf 143 cases 

For measurement of the lclationship between these vanables and in¬ 
telligence, the present data arc impel feet, but still of considciablc 
value. They show, for a relatively unselected group of school sub¬ 
jects, that almost no cort elation is to be expected between these van- 
ables and IQ The absence of significant correlation means that the 
coefficients of resemblance leported later are not due to dependence 
of the traits in question upon general intelligence. 

Measurements of Resemblance 

Separate treatment has been given to a group of 15 pairs of matuic 
identical twins. Table 4 shows the results obtained for the various 
groups of identical twins only The lesults cf Table 4 suggest tli.it 
the degree of similarity found for identical twins is very much the 

TABLE 4 


Showing tiif Correiaiton3 of Scores on tiij 
at ity Inventory, i or hie bunoRoups 
and for tup Combined 

Fuur Scales 
of 1m ntical 
Groups* 

OI T1IC 
T WINS, 

Person 


Coi relation coefficients 



Bl-N 

U2-S 

B3-I 

]} t-D 

School group, 40 pairs 

61 

59 

43 

75 

Mature group, 15 pairs 

69 

13 

57 

67 

Combined group, 55 pairs 

63 

44 

50 

71 


*Tlie single notewoithy discrepancy in the values for the separate groups 
is in the trait II2-S, where the correlation for mature identical twins is un- 
dwly low Omitung one pair, the coefficient for tl\c lemiumng group of 14 
mature pdirs becomes 49 and the correlation fui the combined group be¬ 
comes S3 lienee the discrepancy seems to be caused largely by the grossly 
different stores of a single pair 
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same for the youthful group and for the older group, and no serious 
eiror would result fiom use of the coefficients obtained on the com¬ 
bined group as the most repiesentative figures for the resemblance 
of mono&ygotLC twins. However, to make the figures strictly com¬ 
parable, the correlations obtained on the school gioup alone are used 

TABLE 5 

Showing the Correlations or Scores on the Four Scales or the Person¬ 
ality Inventory, for Monozygotic Twins, Fraternal Like-Sex 
Twins, and Unllle-Sex Twins 

These are comparable groups of junior- and scmor-high-school students 



No 

of 

pairs 

Raw 

r 

PE 

Corrected 

coefficients* 

4 5 6 

BI-N (neurotic tendencies) 







Identical twins 

40 

61 

,07 

55 

.69 

.62 

Fraternal like-sex twins 

43 

32 

09 

32 

36 

36 

Unlike-sex twins, double-entry 

35 

,18 

11 

.30 

20 

34 

Unlike-sex twins, single-entry 

35 

19 

11 


22 


B2-S (self-sufficiency) 







Identical twins 

40 

59 

.07 

.58 

69 

68 

Fraternal like-sex twins 

43 ■ 

-14 

.10 . 

— 24 ■ 

— 16 - 

-28 

Unlike-sex twins, double-entry 

35 

12 

11 

08 

.14 

09 

Unlike-scx twins, single-entry 

35 

.13 

11 


15 


B3-I (introversion) 







Identical twins 

40 

43 

09 

40 

50 

.47 

Fraternal like-sex twins 

43 

40 

09 

42 

47 

49 

Unlike-sex twins, double-entry 

35 

,18 

11 

27 

21 

.32 

Unlike-sex twins, single-entry 

35 

,18 

11 


,21 


B4-D (dominance) 







Identical twins 

40 

.75 

05 

76 

85 

86 

Fraternal like-sex twins 

43 

34 

.09 

33 

39 

.38 

Unlike-scx twins, double-entry 

35 

18 

.11 

22 

20 

25 

Unlike-sex twins, single-entry 

35 

19 

11 


22 



♦Column 4 gives the correlations corrected for range only, Column 5 
gives the coefficients corrected for attenuation only, and Column 6 presents 
the results of correction for both range and attenuation The correction 
for range was done in order to make these several groups more comparable, 
The ranges for the separate groups were corrected to equal that for the 
total group For discussion of these statistical procedures, see Kelley (5) 
All correlations were calculated by a double-entry system, but those for 
unlike-sex pairs were checked by use of the single-entrv system also, with 
the male’s score on one axis and the female's score on the other The 
agreement is, of course, very good 

in Tabic 5, for comparison with the results obtained for fraternal 
twins, The results in Table 5 show that the identical twins are in 
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general most similar, unlike-scx twins least similai (except in self- 
sufficiency), and fraternal like-sex twins intcimediate. The excep¬ 
tions are, however, vciy important In neuiotic tendencies, identical 
twins aie significantly moie similar than the fiatcrnal like-sex or 
unlike-sex groups. In introversion it appears that like-sex pairs aie 
considerably more similar than unlike-sex pairs, but the monozygotic 
twins aie not significantly more similai than the dizygotic like-sex 
pairs. In dominance, the greatei similarity of identical twins is 
more marked than in any of the other traits. 

Perhaps the most interesting peculiar finding is that for self-suffi¬ 
ciency. There the like-sex fraternal twins aie dissimilar, although 
not significantly so. The obtained coirelation is negative—a find¬ 
ing which is veiy rare in studies of family resemblances The scat¬ 
ter-diagrams for these correlations are presented as Tables 6, 7, and 8, 
It is the aim of the writer to collect additional data, to increase the 
size of the groups and reduce the piobablc errors of the correlations, 
as a further attack upon the problem. 


TABLE 6 

Scatter-Diagram Showino the Correlation or Scores on the Self- 
Sufficiency Scall, for 43 Pairs or Fraternal Like-Sex Twins 
A double-entry system vvaa used in the plotting, The plotted points repre¬ 
sent the sigma scores of the twins on the scif-suflicicncy scale The number 
in each cell is the number of plotted points which fell in that cell The cor¬ 
relation coefficient is —14 and its probable error is 10 


74-76 9 
71- 
68- 
65- 
62- 
59- 
56- 
53- 
50- 
47- 
44- 
41- 
38- 
35- 
32- 
29- 
26- 

23-25 9 


1 

1 111 

1 

1 3 11 

1 2 1 

1 3 

13 11 

1 14 1 

I 1 I 
1 3 

l 1 

1 

I 


1 

1 

1 1 
1 

2 2 

1 2 

12 111 
1 1 1 

3 1 11 

12 3 1 1 

1 1 1 

1 1 


4 1 * 

CS| 

CM *<■» 


i- $ 


i i i ■ i i i 

N Q ^ N 

^ vn m no vo 
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TABLE 7 

ScJvrm-D iagram Showing the Correlation of Scores on the Sele- 
SurnciENCv Scale, tor 40 Pairs or Identical Twins 
A double-entry system was used in the plotting, The plotted points repre¬ 
sent the sigma scores of the twins on the self-sufficiency scale. The number 
in each cell is the number of plotted points which fell in that cell. The cor¬ 
relation coefficient \s 59 and its probable error is 07. 


77-79 9 
74- 
71- 
68 - 
65- 
62- 
59- 
56- 
53- 
50- 
47- 
44- 
4*1- 
38- 
35- 
32- 
29- 
26- 

23-25,9 


1 


1 


1 

1 

2 

1 

2 1 

1 1 

l 1 2 2 1 

11 2 1 2 11 

12 1 2 
2 2 12 1 
2 14 2 

13 1 11 

12 3 1 

X 1 2 

2 

1 1 


1 


1 


1 

2 


cr. 

to 


co a\ 

ts M t* 


• i i ■ < i r 

rv S v\ oo »-t •+ tv o 

tn vo ir, in 


' I i 
<3> 

^ v, ^ 


W w 

\0 'O VO 
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While speculation at this point may be piemature, it may never¬ 
theless be pointed out that the icsults concerning self-sufficiency arc 
quantitative data in support of the wiiter’s point of view gained from 
intensive study and close pcisonal observation of twins He has 
observed that because of attitudes toward each other the fiaternal 
like-sex twins are often less closely associated in some respects than 
the unlike-bcx pairs The interests of like-sex fraternal twins are 
consideiably different A condition of rivalry exists between them, 
and in many instances there is an absence of that attitude of comrade¬ 
ship which is present to a consideiable degree among unlikc-sex pans, 
ami to a vciy marked degree among identical twins Peihaps self- 
sufficiency in one tends to cause dependence (i.e , a lack of self-suffi¬ 
ciency) on the part of the other 
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TABLE 8 

Scatter-Diagram Showing the Correiation or Scores on the Self- 
Sufficiency Scale, ior 35 Pairs of Unitke-Sex Twins 
A double-entry system was used in the plotting, The plotted points repre¬ 
sent the sigma scores of the twins on the self-sufficiency 9calc The num¬ 
ber in each cell is the number of plotted points which fell in that cell 
The correlation coefficient is 12 and Its probable error is 11 


80-82 9 
77- 
74- 
71- 
ffS- 
65- 
62- 
59- 
56- 
53- 
50- 
47- 
44- 
41- 
38- 
35- 
32- 
29- 
26- 

23-25 9 


1 1 


1 1 


1 1 
1 1 
2 3 
1 1 
2 1 
1 
1 


1 I 


1 1 
1 
1 
1 

1 

1 
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Summary, Conclusions, and Suggestions 

The Bcrnreutcr Personality Inventory was applied to 133 pairs of 
twins, classified as to type, The four ti aits measured by the test 
have been shown to be practically independent of age influences and 
of intelligence as measured by the Term an Gioup Test The greater 
similarity of monozygotic twins is evident to a m suited degree in 
the measures of dominance, ncuiotic tendencies, and self-sufficiency, 
but not in mtrovctsion. Like-sex pairs were definitely more simiLu 
than unhke-sex pairs in introversion, and to a lesser extent in neurotic 
tendencies and in dominance An extremely mtei csting new problem 
has been indicated by the finding of a negative con elation between 
like-sex fraternal twins in self-sufficiency. Although this paiticular 
finding is not demonstrated to be significant, it is sufficiently im- 
poitant to merit furthci investigation The measurements of the 
personality trait constellations were made by use of a stand aid test, 
with scales of known reliability and validity 
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LES RESSEMBLANCES DE TRAITS DE PERSONNALIT6 CHEZ LES 

JUMEAUX 

(R6sum<5) 

Cent trente-trou* paires de jumeaux, dont 55 monozygotes, 43 fraternels 
de meme sexe, et 35 paires non de meme sexe, ont aubi Vlnventawe de 
Personnalit6 de Bernreuter. Entie les membres des paireg de jumeaux 
ldentiques, les corr61ations brutes sont de 0,61 pour les Tendances n6vro- 
siques, de 0,59 pour la Sufhsance, de 0,43 pour l'Introverslon et de 0,75 pour 
la Dominance Pour les jumeaux fraternels de meme sexe les coefficients 
correspondants sont de 0,32, de —0,14, de 0,40, et de 0,34 respectivement 
Pour les jumeaux non de meme sexe its sont de 0,18, de 0,12, de 0,18, et 
de 0,18 respectivement. L’uge et ^intelligence n'influent pas sur cea col¬ 
lations. 

La plus grande ressemblance des jumeaux monozygotes se montre & uti 
degre marqu6 dam les mesures de la Dominance, des Tendances nevrosiques, 
et de la Suffiaance l mais ne se montre pas dan? cel 1 e de I’Introvcrsion 
Les paires de jumeaux dizygotes de meme sexe Bont definiment plus sem- 
blables que les paires non de meme sexe dnns Plntrovcrsion, et dhine fagon 
mains marquee dans les Tendances ndvrosiques et la Dominance Dans 
la Suffisance, e’est le contraire Un nouveau probl&me int6re9sant s'est 
montr6 quand I'on a trouv6 une correlation negative cntie les jumeaux 
fraternels de meme sexe dans la Suffisance. 

La correction dcs^ coirelations pour l'att6nuation, ct la compnraison des 
r^aultftts pour les jumeaux monozygotes et les jumeaux dizygotes mon- 
tTfcnt qne pour ces traits de personnalitd les coefficients de ressemblance 
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Bout moina 41ev6s que ceux ordinairement rappoit^a pour lea meaures de 
^intelligence ct du rendement On croit que ceci est cnract^nstique des 
traits qui sont influences plus fncilement par lea influences du milieu 

Carter 


ANL1CHKEITEN IN BEZUG AUF PERb0NLlCHKElTS- 
E1GENSCIIAFTEN BEI ZWILLINGEN 
(Rcferat) 

Das Bernreuter’sche Pcrsonliclikeitsinvcrunrium [Bernrcuter Peisonality 
Inventory] wurdc auf 133 Z>villmgspnare angewendet, cinschhesslich 55 
monozygotischc (einenge) Zwillingspnarc, 43 gcsehwistcrlichc Zmllings- 
panre (nicht eineiigc) dcs gelben Gcschlcchtcs [likc-sex fraternal], und 35 
Zvyillmgspaare ungleichen Gcschlcchtes In Bezug auf Mirghedei ulen- 
tischcr ZwiUingspaare betrugen die Rohkoirelntioncn bcmgUch der Nci- 
gungen zur Ncrvositrtt [neurotic tendencies] 61, bezuglicli dea Selbytver- 
tiauens 59, bczilglich der Introversion 43, und bezuglicli dcs Dommiercns 
[dominance] 75 Die emspicchcndcn, an gcschwisterlichen Zwilhngcn 
gleiclicn Gcschlcchtcs crmittcltcn Kouelationskodfizienten betrugen re- 
apcktiv 18, *12, IS, und 18. Dicsc Koirelationsznhlen werden durcli Alter 
und Intelligenz nicht becinflusst 

Die starkere AlinJichkeit der inonozygotischen Zwillingc zeigt sich in 
hohem Grade in den Messungcn ties Dominierens der Neigungen zur Ner- 
vositiu, und dcs Selbstveitraucny, mcht aber in Bezug auf die Introversion 
Gleichgcschlcchthche zweicnge [dizygotic] Zwdlingspaare weiscn nine be- 
deutend starkere Ahnlichkeit auf, als Panre ungleichen Oeschleclitcs, in 
Bezug nuf Introversion und, in genngcrem Grade, in Bezug auf Neigungen 
zur Nervositat und auf das Dominicren. In Bezug auf Selbstvertraucn ist 
das Verhaltms das cntgegcngesetztc Durch die Entdcckung emer negativen 
Korrqlation zwischen geschwisterlichen Zwillingen gleiclicn Geschlcchtcs 
in Bezug nuf das Dommieren wird auf eme inteiessante ncue Aufgabe 
hinge wiesen, 

Unter Berucksichtigung der vermindernden Eirwirkungen auf die Kor- 
relationszahlcn [correcting the correlations for attenuation] wurden die an 
monozygotischen mit den an zweiehgcn Zwillingen erlialtenen Befundcn 
verglichen Man fand, dasa diese, an Eigenschaften der Pcrsonhchkeit 
ermittcltcn AhnlichkcitskoelHzicntcn [coefficients of resemblance] niedriger 
sind, als die gewohnhch fur Messungen der Intelligent und der Leistungs- 
falugkeit [achievement] gcmeldeten* Der Verfasscr ist der Meinung, dass 
dieser Refund fur Eigenschaften, die durch aussere Einwirkungen leichter 
heemflusst werden, typisch ist 


Carter 



THE SLEEP OF YOUNG CHILDREN* 

From the Institute of Euthemes, Vassar College 
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In recent ycais, inteicst in the sleep of the picschool child has 
centered atound two questions How much sleep should the young 
child have and how could lie be enticed to take it The literature 
abounds with dogmatic statements of how much the two-, three-, and 
four-year-olds should sleep each day and gives valuable suggestions 
foi getting them to do this. But in spite of the earnest efforts of 
parents and teachcis, the piacticc of many clnldien falls far short 
of the standards. What is the cause of this state of affairs? Arc 
the standards too high or the adults unable somehow to provide 
adequate conditions foi the childien to attain them? 

It was m order to find paitiai answers to these questions that this 
study of sleep was undeitaken at the nursery school of the Institute 
of Euthemcs at Vassar College during the summers of 1931 and 
1932, 

Before describing the conditions under which the data were 
gathered, it will be profitable to review some of the available sources 
of information about the sleep of picschool childien 

The largest and oldest class of material is composed of the opin¬ 
ions of experts. It is not surprising to find disagieement among 
the authorities smee almost no experimental evidence was used as 
the basis foi these opinions. A difference of five hours in the esti¬ 
mated amount which a two-year-old child should sleep is found, 
Obviously, something more than expert opinion is needed to answer 
the questions raised at the beginning of this article. 

The second source of material is composed of experimental studies 
and therefore offers moic valuable evidence, Most of the data lias 
been gathered by means of parents* records, however, and there has 
been incieasing dissatisfaction with this method The reasons for 
this are obvious* Parents are not scientifically tiamed and they are 
very busy people, so that it is questionable whether their records are 
sufficiently reliable to be the basis for scientific studies of the amount 

^Accepted for publication by Curl Murchison of the Editorial Board and 
received in the Editorial Office, February 6, 1*133 
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of children's sleep Howcyci, two studies of this type have been 
selected foi comparison of their results with those of the present 
study These were “A Study of Sleeping Habits of Children" by 
Chant and Blatz (1) and "The Sleep of Young Children" by Foster, 
Goodenough, and Andeison (2). 

Nursery schools have conducted experimental studies of children's 
habits of sleeping during the afternoon nap period at school. In 
methods of gatheung data, these studies arc distinctly supciior to 
those which use parents' lccords, but, since they deal with a small 
portion of the child’s total sleep, they offer insufficient evidence for 
the solution of the biggei pioblcms. 

There is need then foi studies made under scientific supeivision 
of the night as well as the day sleep It is easy to see why these 
studies have not been made in great numbcis It is too difficult to 
find the children under the necessary conditions Orphanages or 
camps for small clnldicn aie among the few sources of material and 
these offer obvious drawbacks A study of the day and night sleep 
in a group of young orphanage children has recently been completed 
by Mary A. Wagner (3) at the University of Iowa The authors 
of the present study wish to express then appreciation of Miss Wag¬ 
ner's courtesy in permitting them to view the results befoic publica¬ 
tion 

The nurseiy school of the Vassar Institute of Euthcnics presented 
then an unusual opportunity foi the study of the problem of the 
sleep of young children For twenty-four hours a day, seven days a 
week, for six weeks, the children were under the care of experienced 
nurscry-scliool teachers, and everything possible was done to provide 
optimum conditions foi tlieii growth The combination of so-called 
expert management of the children and scientific recording over such 
a long period of time is to be found tn very few places which care 
for young children. 

Method Used in tiie Present Study 

During the summer schools of 1931 and 1932, the data for the 
picscnt study were gathered No controlled experiment was set 
up The rccoids kept were "all m the day's work" as they are in 
the Usual nursery school. Each teacher was responsible for noting 
when a child went to bed, when he went to sleep, and when he 
awakened The associate director of the nuisery school, Gertrude 
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Porter Driscoll, assisted in planning the recoids and was responsible 
throughout the six weeks for the general atmosphere of the life in 
the doimitoiy. One of the authors of this paper, Miss Mallay, 
checked the records daily and, although no special conditions were 
set up as contiols, every effort was made to encouiage accurate rec¬ 
ord keeping. The members of the staff were informed of the plans 
for the study and the daily and weekly lcsults were frequently 
biought to their attention. 

The question may properly be raised whether the records kept 
by the teacheis were sufficiently accurate to justify their use as a basis 
for a scientific study of sleep. Several reasons have led the authors to 
believe that they were. 

In the first place, recording the time a child goes to sleep is a 
part of the training of every nursery-schoo] teacher, She is taught 
to observe the child closely and to recognize the objective signs of 
the onset of sleep. It can therefore be assumed that the nursery- 
school teachers at the Institute of Euthcnics nursery school knew 
how to record the ncccssaiy data concerning the children’s sleep, 

Secondly, in this particular situation, conditions for accurate record¬ 
ing were facilitated by having two or three teachers on duty with 
ten children at bedtime and by providing small pads on the doorb of 
the children’s rooms on which the immediate records were noted. 
It was easy, thcrefoie, to recoid the time a child was put to bed 
and the time he went to sleep, since there were so few children to 
2 teacher. 

A further justification for the assumption that the teachers* rec¬ 
ords were worthy of serious consideration is to be found in a study 
made by Wagner (3) in which teachers 1 data concerning children's 
sleep were checked by an expert recorder. It was found that "the 
percentage of agreement, within a five-minute interval, as based on 
194 child observations was as follows: child asleep 97 42, child 
awake 98,93 ” 

It is therefore probable that the data gathered at the Vassar Col¬ 
lege nursery school of the Institute of Euthcnics were sufficiently 
reliable to serve as the basis for a study of the sleep of young chil¬ 
dren. 

It should further be noted that this study is merely quantitative 
and that no effort was made to include data of a more qualitative 
nature The amount of sleep which the child took was the only fac- 
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tor studied* Depth of sleep, amount of restlessness, and othei things 
may be moie important aspects than the amount of sleep a child 
takes, but, since these couLd not be measured objectively, they were 
not included in this study. 

Conditions under Which Study Was Made 

Before taking up the statistical treatment of the results, it will 
be profitable to mention, bnefly the gcncial conditions of the Insti¬ 
tute of Euthcnics duimg the summers of 1931 and 1932, One col¬ 
lege doimitory housed both the patents and the cluldicn, although 
they were located in difteient wings of the building, Each child 
had a separate loom as free of distracting objects as it was possible 
to make it The general routine suitable for children of preschool 
age was earned out and the numbei of children was small enough 
to pcimit vaiiattons in the routine to meet individual differences 
The children were with their parents about an hour each day and 
the rest of the twenty-four horns, night as well as day, they were 
tn the caie of the nursery-school teachers. Two psychologists, a 
psychiatrist and a pediatrician, followed the daily progress of the 
children, and everything was done to provide optimum conditions 
for each child’s growth. 

Subjects of the Study 

The number of childlen talcing part in the study was small, 18 
in 1931 and 16 in 1932, and the age range was from 17 to 62 months. 
It is probable that certain factois entered to make the group a se¬ 
lected one. The mean IQ of tile gioup (as determined by the Kuhl- 
mann test) was 128, which is considerably above average, and the 
health and general physical development of the childicn was at least 
average, as indicated by the physical examinations. 

The question may lightly be laised whether the children brought 
to the Institute nursery school presented moie so-called problems of 
adjustment than arc found among the general population There 
is no way of answering this directly, but the opinion of the authors, 
based on several vcais’ experience in the education of small children, 
is that problems were not found in greater numbers or greater in¬ 
tensity among the nursery-school children than among children in 
general. 

The above are among the most obvious factors of selection and 
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it should be borne in mind that the results of a study of the sleep 
of these children may not be geneially applicable to the sleep of 
othet children of this age. 

Comparison of the Results for Children of Different 
Chronological Ages 

The results of this study then can be expected to throw some 
light on the amount of sleep taken by children, of different ages. 
Table 1 shows that the mean total sleep 1 for the two-year-old chil¬ 
dren was 12 Y* horns, for the three-year-old children, 11 hours and 
23 minutes; and for the foui-year-olds, 10 hours and 57 minutes 

TABLE l 


Comparison of tiie Amount or Total Sleep Taken by Children of 
Piiferent Ages 


Age group 

(2-0) 

through 

(2-11) 

(3-0) 

through 

(3-11) 

(+-0) 

through 

(4-11) 

Number of cnses-> 

s 

12 

10 

Range 

11 12—12 59* 

10 3S—12-20 

10 27—11.37 

Mean 

12 30 

11 23 

10 57 


U 

32 

17 


*These figures arc given in hours and minutes The computntiong were 
made to two decimal places but in making the tables the numbers were 
rounded out 


This means that the four-year-olds slept I hour and 33 minutes 
less than the two-ycai-olds and that the diftcrencc between the sleep 
of the three-yeai-olds and the two-year-olds was 1 hour and 7 min¬ 
utes. In other words the younger childlen slept more than the older 
child i en, a fact which has long been recognized by parents as well as 
by authorities 

Figuie 1 shows tile mean total sleep foi each six-month age 
group It should be noted that there is a downwaid trend from 
the youngest to the oldest group in the amount of sleep taken but 
that this is not accomplished in regular steps, 

The high negative correlation (—83± 04) between chronological 
age and sleep given in Table 2 is also indicative of the tendency 
for the amount of sleep to decieasc as the child grows oldei The 

*Total sleep includes day nnd night sleep in 24- hours 
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Age groups 

FIGURE 1 
Daily Mean Siuev 

similar corielation (—S2=fc 04) between mental age and sleep also 
shows the expected relation, that, as mental age increases, the amount 
of sleep tends to decrease Whether chionological m mental age 
is the more important factor in this connection can be studied by 
means of the partial correlations, It will be noted that when mental 
age is held constant, the corielation between chionological ngc and 
sleep drops to —44=b t 10, while when chionological age is held 
constant, the correlation between mental age and sleep drops to 
— 37±:.ll Although the diffcicnce is small, it may be inter¬ 
preted as a slight indication that chronological age has a closer rela¬ 
tionship with sleep than has mental age 
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TABLE 2 

Correlations between Total Sleip and Chronological Age, Mental Agb 
and IIeight-Weight Index 
Number of eases = 29 


Con elation between 

r 

PE. 


CA and total sleep 

— 83 

± 04 


MA and total sleep 

— 82 

± 04 


CA and total sleep with 




MA held constant 

— 44 

± 10 


MA and total sleep with 




CA held constant 

— 37 

± 11 


Height-weight index and 




total sleep 

+ 055 

± 13 



An attempt was made to find whether the child’s stage of physi¬ 
cal development had a connection with the amount of sleep lie took. 
No good objective measure of physical development is available and 
the height-weight index used in this study shows a correlation of only 
+,055±: 13 with total sleep, which does not give evidence of any 
relationship. It may be, however* that anothci measure of physical 
development would show a significant relationship. All that can 
be concluded fiom the +.055 correlation of the Vassar study is that, 
for a small group of so-called well, normal children, no relationship 
was apparent between their height-weight indices and the amount of 
their sleep. 

It will be interesting at this point to compare the results of the 
present study with those reported by other authorities Table 3 gives 
the figures necessary for comparison with the Vassar Euthenics In¬ 
stitute results. Wagners study, n should be remembered, was con¬ 
ducted on a group of orphanage children, and the recording was 
done by a trained worker The studies by Foster, Goodenough, 
and Anderson and by Chant and Blatz were based on the results of 
parents’ records over a shorter period of time but with a large num¬ 
ber of cases It is interesting to note that in all three age groups 
the range of means given by Wagner is lower than that of anv of 
the other authorities 

For the two-year-old children, the amount of sleep taken in the 
Vassar nursery school agrees closely with that found by Foster, 
Goodenough, and Anderson and by Chant and Blatz, but for the 
three- and four-year-olds there is a noticeable discrepancy The 
Euthenics Institute three-veai-old children slept an hour and a half 
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Comparison of the Results of Several Studies of the Total Sleep of 
T wo-, Three-, and Four-Yfar-Old Children 


Age groups* -$> 

' (2-0) 

(2-6) 

(3-0) 

(3-6) 

(4-0) 

(4-6) 

Expert 
opinion (4) 

12-15 

12-15 

10-14 

10-14 

10-14 

10-14 

Experimental 

evidence 







Vassar 

Institute of 
Euthcnics 

12 53 

12 06 

11 51 

11 04 

10 15 

11 00 

Faster 

Goodenough, and 
Anderson (2) 

Chant and 

Blat7 (1) 

12 18 

12 29 5 

12 16,8 

11 57$ 

11 48 8 

11 36 7 


12 45 


12 52 


12 07 

Wagner (3) 

Range of 
means 

11 

00 to 11 54 

10 25 to 11.56 

10 09 to 11 55 


*Thc group is designated by the lower limit of the interval, For example, 
(2-0) includes all cases between two years, no months and two yenrs, six 
months 


less than the children of the same age reported by Chant and Blatz. 
The means foi the sleep of the children in the Vassar study are from 
46 to 70 minutes lower than the means foi the concsponding ages 
reported by Fostei, Goodenough, and Andcison and by Chant and 
Blatz 

The full explanation of these discrepancies is not clear, but any 
one of scvcial factois might account in part for them. Among the 
possible explanations, the method used In recording data for the 
study, the season of year at winch the study was made, the economic 
class from which the children were selected, and the general physical 
condition of the childicn, undoubtedly all played then part in mflu~ 
cncing tile amount of sleep taken Chronological age, the one known 
'common factoi of these studies is only one of the many factors which 
have a bearing on the amount of sleep It is, therefore, not to be 
wondered at that there are wide differences m the amount of sleep 
taken by the different gioups of children who Avere the subjects of 
these studies 
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Individual differences, too, play tlieir pait in explaining why the 
figures for the two-yem-olds of the Vassal Euthenics Institute study 
agreed and those for the thicc- and four-year-olds did not with the 
amount slept by othci children of their own age. If factors of 
selection of the Vassal childien were responsible foi the discrepancy, 
it would be expected that all thicc age groups would be similarly 
affected, which was not the case In the absence of any more plausi¬ 
ble explanation, it may be permissible to assume that the individuality 
of the children was lesponsible for the lack of consistent disagree¬ 
ment. 

Caution in applying the results of the Vassal College study gen¬ 
erally should be cxcicised The number of children was small and 
the group undoubtedly selected, But perhaps the most important 
reason is that there is no way of telling whether the actual amount 
of sleep which the childien took was the amount which they needed. 
Until the results of many studies have been accumulated, it will be 
wiser to use a child's own giowtli as the standard for the amount 
of sleep which he needs than to expect him to attain a hypothetical 
standaid based on the amount of sleep taken by different children 
under diffeient conditions, 

Comparison of the Amount of Sleep and Piesleep Time of CMi¬ 
di en of Diffeient Ages . Up to this time, the discussion has been 
concerned with total sleep, i.c., the amount of combined day and 
night sleep m twenty-four horns. It will be piofitablc, now, to con¬ 
sider the length of the nap and the night sleep as well as the pre¬ 
sleep time for both cases, The figures for these comparisons arc 
given in Table 4. 

An interesting point to notice is that the night sleep of the chil¬ 
dren in the four-yeai-old group showed a dccieasc ovei the amount 
taken by the childien ift the two-year-old gioup of 43 minutes while 
the total sleep decreased by 1 hour and 33 minutes This is not in 
agreement with the statements made by other authorities (2, p. 210) 
that night sleep remains piactically the same for the two-, three-, 
and foui-yeai-olds and that the decrease in amount of total sleep is 
accounted for bv the dccicnse m amount of nap sleep with increasing 
age The results of this study indicate that both the night sleep and 
the nap were responsible for the decrease in total sleep, not merely 
the nap alone 

One rather surprising fact shown in Table 4 is that it took the 
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TABLE 4 

Comparison of the Amount of Sleep and Presleep Time of Children of 

Different Aces 


Age groups** 

(2-0) 

through 

(2-11) 

(3-0) 

tli rough 
(3-11) 

(4-0) 

through 

(4-11) 

Number of cases** 

8 

12 

10 

Total sleep* 

Range 

Mean 

SD 

11 12—12,59 
12*30 

3 6 

10 3S—12 20 

11 '23 

32 

10 27—11.37 

10 57 

17 

Night sleep 

Range 

Mean 

S.D 

10 23—11 20 

n oi 

21 

10 00—11 17 

10 41 

26 

9,50—10.43 

10 18 

IS 

Nap J* 

Range 

Meant 

SD. 

1*09—1 56 
1*31 

16 

53—1*37 

1.16 

13 

15—1.23 

1 04 

18 

Prealeep time at night 
Range 

Mean 

SD. 

SO—1 25 

1 00 

11 

‘33—1 27 

1 00 

IS 

32—1 33 

1 04 

20 

Presleep time at nap§ 
Range 

Mean 

SD, 

:15— 47 

27 

12 

23— 52 
*38 

9 

28—1 IS 

40 

13 


•Total sleep includes day and night sleep in tweDty-four hours The 
figures are repented from Table 1, 

f*Nap means nctual sleep Each child had a rest period of at least an 
hour every day but only on the days when the child went to sleep was it 
considered that he had had a nap These figures, therefore, apply only to 
the days on which naps were taken 

’fSincc many children did not actually sleep every day, this is the mean 
length of the nap on the days when n nnp was taken It is not the mean 
of daily nap sleep comparable to the mean of night sleep It merely indi¬ 
cates how long the children slept when they did take naps 

§Tlns is the length of tune taken to go to sleep on the days when a nap 
was actually taken 

children m all three age groups approximately an hour to go to sleep 
at night and about a half an hour at nap time. This is longer than 
is usually expected by paients, nurse: y-school tcachcis, ox specialists 
m child development, and, if furthei studies reveal the same ten¬ 
dency for young children to stay awake for long periods of tune 
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aftei being put in bed, it may be necessary to revise some of the teach¬ 
ings concerning the formation of proper habits of sleep Is it not 
possible that a certain amount of preslecp activity is inevitable and 
that the immediate sleep on being put to bed which is the aim of most 
child-training expcits may be a false standard for young children 
under the present-day conditions? This study at least laises the 
question, and the authors hope that the results of experimental 
studies which will throw light on the matter will be forthcoming 
within a few years 

The subject of naps merits more detailed consideration because 
of the amount of study winch has already been given to it by nursery 
schools, The practical questions raised in all-day nursery schools 
which center around the nap period are legion and, although a great 
deal of experimental evidence is available, the results are in confusing 
disagreement. For this reason anything which thtows light on the 
frequency, duration, and impoitance of the naps of preschool chil¬ 
dren is received with special interest 

Turning again to Table 4, it can be seen that the average length 
of the nap when a nap was taken was something over an hour for 
the children in all three age groups, The two-year-olds slept only 
a third longer (1 hour and 3+ minutes) than the four-year-olds 
(1 hour and 4 minutes) This evidence is in line with the belief 
that the nap is dropped out on the all-or-none pnnuple Although 
the four-year-oid children slept less fiequently than the younger 
children, when they did take naps the length of the nap was onlv a 
third shorter than that of the two-year-olds who slept neaily eveiv 
day. 

It is not possible to compare the results of the Vassar Euthenics 
Institute study with many othci studies because at the various wavs 
in which the data about naps are treated However, the figures im¬ 
ported by Foster, Goodetiough, and Anderson (2, p. 211) which 
are comparable are approximately a half hour higher than those of 
this study. 

Table 5 gives the percentage of child ion talcing naps different 
numbers of days a week In nearly every lcspcct the figuies for 
the children in the three- and four-year groups aie closei together 
than those for the children in the thice- and two-year groups The 
three-year-old children took naps 55% of the time, the foui-year- 
olds 50%, and the two-ycar-olds 98% of the time Similarly, 25% 
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TABLE 5 

Comparison of the Percentage of Naps for Children of Different Ages 


Age groups 

(2-0) 

through 

(2-11) 

(3-0) 

through 

(3-11) 

(4-0) 

through 

(4-ii) 


Percentage 

Percentage 

Percentage 

Children taking naps 

Every day 

50 

8 

0 

At the rate of 5 days 
a week 

37 

25 

40 

At the rate of 3 or 4 
days a week 

13 

25 

10 

At the rate of twice a 
week 

0 

17 

30 

At the rate of once a 
week 

0 

25 

20 

Percentage of days on 
which nap is taken 

Range 

68-100 

5-100 

2-98 

Median 

98 

55 

50 

Percentage of total sleep 
due to nap 

Range 

7-14 

.6-12 

1-11 

Median 

12 

6 

6 


of the three-year-olds and 20% of the four-year-olds took naps at 
the rate of once a week while none of the two-year-olds fell in this 
class. It should he noted that the range of nap sleep was wide for 
both the three- and the four-year-old childicn, so that there was a 
great deal of ovcilapping One tlirce-ycar-old child took naps only 
5% of the time while another child in the same age group took a 
nap evciy day Correspondingly, the range tor children in the four- 
year gioup was from 2 to 98% Obviously there were significant 
individual differences within a chronological age group with respect 
to nap behavior Whether the agreement between the behavior of 
the tlircc-year-old and four-year-old children is pecuhai to the chil¬ 
dren in the Vassal group, oi whether it is characteristic of children 
of this age in general, cannot be told. The mean chronological ages 
foi each of the three groups wcie about at the midpoint of the inter¬ 
val and a year apart, but it is possible that in other respects affecting 
sleep the three- and four-year groups were closer together. Here, 
too, further study is needed before the question can be definitely 
answered 
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Summary or the Rrsuurs of the Sleep of Children of 
Different Chronological Ages 

The following main points stand out fiom a detailed considera¬ 
tion of the sleep of children of different chronological ages* 

1. The mean total sleep for the two-ycai-olds was 12:30; for 
the thiee-year-olds, 11 23, and foi the foiu-yeai-olds, 10*57. All 
three aie below the amounts winch it has pieviously been assumed 
that childien of these ages should sleep 

2. One hour was the mean length of time taken to go to sleep, 
regardless of chronological age. This is considciably longer than 
the usually accepted figuie of 20 minutes 

3. The mean length of the nap on the days when naps were 
taken ranged from an houi and a half for the two-year-olds to an 
hour for the four-year-old childien. The percentage of the three- 
and foui-year-olds' total sleep due to nap was just half that of the 
two-year-olds. The evidence supports the theoiy that naps are 
dropped out on the all-or-none pnnciple 

Comparison of the Sleep of Children in tiie 1931 and 1932 

Schools 

The second part of this study was concerned with evaluating the 
procedures used in the two summer schools In 1931, there was a 
great deal of confusion in the general administration of the school, 
which was particularly noticeable at bedtime Baths came after a 
verv caily supper, and it was thought that the childien were over- 
stimulated before going to bed. Furthcimore, because of the fact 
that all meals were seived in the nursery-school building and not in 
the dormitory in which the childien slept, there was little oppoitumtv 
for relief from the stiain of gioup living throughout the day. Naps 
were taken in a loom with as many as ten other children, accoiding 
to the procedure of nearly all nurseiy schools. 

The general dissatisfaction with the conditions of the 1931 sum¬ 
mer school led to changes which made the 1932 school seem a de¬ 
cided unpiovement. Meals weie scivcd in the doimitory, baths 
came before instead of after supper which made the childien seem 
more relaxed at the bedtime houi; and each child had his afternoon 
rest period alone in his own room A fuithei change in procedure 
which it was thought might influence the clulclicn’s sleep was insti¬ 
tuted, The parents put the children to bed the first few nights and 
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evciytlung was done to give the child that feeling of sccuiity m a 
strange place which is so essential to sleeping* Judged subjectively, 
the conditions of the 1932 summer school were superior to those of 
1931 What effect did these conditions have on the children’s sleep? 

Chronological Age of Child/en in the 1931 and 1932 Schools 
Before the data from these two yeais could be compared in an effort 
to find the answer to the above question, it was necessary to com¬ 
pare the children in the 1931 school with the children in the 1932 
school with lcspect to chionological age. Only one child was a 
member of the school both yeais Table 6 shows that 86 of a 
month was the actual difleicnce between the mean ages, although 
the ranges showed consideiabie diffeience The ratio of tile real 
difference to the standaid deviation of the difference 2 is 19, which 
is mterpicted to mean that thcic arc only 58 chances m 100 that 
the difference between the two means is gieatei than zero In other 
words, the two gioups can be assumed to be vciy closely comparable 
with respect to average chronological age 

Comparing the standaid deviations for the two years, it was in¬ 
teresting to see (Table 6) that the figure for 1932 was almost twice 
as large as that for 1931 The latio of the real diffeience to the 
standard deviation of the difference between these two measures 3 
was 2 45, which, while high, was not indicative of a completely 
reliable difference It is usually customary to legaid anything under 
3 as failing to indicate complete reliability, and in this study the 
2 45 was inteipictcd to mean that there was a small chance that 
the diffeience between the standaid deviations of the chronological 
ages of the childien in the 1931 and 1932 schools was not a true 
difference Thciefore, with respect to means and standard devia¬ 
tions of chronological ages, the children in the 1931 school were 
considered fairly comparable with the childien in the 1932 school. 

The differences between the means of the two groups of children 
for mental age and IQ were larger, but, since the connection between 
chronological age and sleep is somewhat greater than that between 
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TABLE 6 

Comparison of tiie Children in the 1931 and 1932 Summer Schools with 
ReSPFCT TO CHRONOIOGICAL AND MENTAL AGF AND IQ 



1931 

1932 

Chronological age 
Number of cases 

18 

16 

Range 

(2-1) through (4-5) 

(1-5) through (5-2) 

Mean 

41 39 months 

42 25 months 

SD 

7 98 months 

15 58 months 

Mental nge* 

Number of cases 

14 

15 

Range 

(3-7) through (6-6) 

(2-4) through (7-0) 

Mean 

57 5 months 

55 0 months 

SD 

8 97 months 

17,62 months 

Intelligence quotient 

Number of cases 

14 

15 

Range 

101—151 

91—159 

Menu 

129 43 

126 53 

SD. 

12 H 

17 03 


♦The Kuhlmann and Stanford revisions of the Bluet testa were used to 
obtain mental age. 


mental age and sleep, it was not consitleied profitable to prove the 
equivalence of the two groups statistically in this respect as it was 
for clnonological age* 

Total Sleep and Night Sleep of Children in 1931 and 1932 Schools, 
Assuming, then, that the children in the 1931 summer school were 
the same chronological age as the children in the 1932 summer school, 
it was inteiesting to learn that the mean of the children’s total sleep 
was 31 minutes higliei in 1932 than it was in 1931. The ratio of 
the actual difference to the standaid deviation of the diffeience is 
over 6 so that it is piactically certain that this difference between 
the means is a tiue difference 

Tabic 7 gives the figures for a comparison of the childien in the 
two schools with respect to night sleep, nap, and preslecp time. The 
mean piesleep time at night for the children in the 1932 school was 
9 minutes less and the mean length of night sleep 26 minutes more 
than the coiresponding figures for children in the 1931 school. With 
respect to conditions for night sleep, the figuics seemed to give added 
weight to the subjective conclusions of the staff that the 1932 school 
was an improvement ovci the 1931 school. 

Afternoon Naps in 1931 and 1932 Schools . The figuies for the 
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TABLE 7 

Comparison of the Amount of Steep and Prcsleep Time of the Children 

IN THE 1931 AND 1932 SUMMER SCHOOLS 

1931 1932 

No of cases 18 16 

Total sleep 
Range 
Mean 
S D 

Night sleep 
Range 
Mean 


Nap* 


Range 

53—1 39 

15—2 06 

Mean 

1 H 

1 22 

S D 

12 

26 

Night preslccp time 

Range 

32—1 33 

38—1 28 

Mean 

1 05 

56 

S D 

17 

14 

Afternoon prealeep time 

Range 

16—51 

14—75 

Mean 

35 

36 

S,D 

11 

14 

Percentage of total sleep 

Percentage 

Percentage 

due to nap 

Range 

1—12 

1—14 

Mean 

7,5 

7 

Percentage of number of naps 
taken dming the six weeks 
Range 

15—100 

2—100 

Mean 

86 

58 5 


*Sce explanatory footnote t to Table 4 


Comparison of tile procedures used at tlie afternoon rest period 
showed disappointingly small differences The mean length of the 
nap on days when ?i child actually slept was only 8 minutes longer 
in 1932 than in 1931, and the mean pieslcep time at nap differed 
by only 1 minute, It should be recalled that in 1931 the children 
had their afternoon rest penods in a loom with several other chil¬ 
dren, while in 1932 each child was in an individual loom for the 


9 50—li 20 10 09—11 46 

10,29 10 55 

26 27 


10 38—12 54 
11 21 
38 


10,27—13 51 
11 52 
60 
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corresponding time It was, therefore, surprising to find that the 
chilclien took about as long to go to sleep whcthci they were in a 
room alone or with seveial othci children, and that, when they did 
go to sleep, they slept only 8 minutes longer in individual rooms. 

Studying the problem of the nap fiom other angles, it can be 
noted from Table 6 that* when the percentage of total sleep due to 
nap was figuicd for each child in both schools, the medians were 
only a half of one per cent apart Fuithcimorc, when the number 
of times the child actually slept at the rest peiiod was figmed as 
a percentage of days he was piescnt at school, it was found that 
the median foi 1931 was considerably highei than that for 1932 

These diffeicnccs, foi the most patt small and in some cases con¬ 
tradictory, do not support the assumption that the conditions for 
the afternoon nap in the 1932 school weic supenor to those in the 
1931 school. The conclusion i cached by other investigatois that 
resting m a room with other children is prejudicial to an afternoon 
nap is not boine out by the results of this study 

Although it has been shown that the difference of 31 minutes be¬ 
tween the mean total sleep of the chiUhcn tn the 1932 school over 
that of the children in the 1931 school is a true difference statistically, 
an analysis of the evidence fiom another point of view will be piofit 
able. 

If the 1932 summer school was more successful than the 1931 
one with respect to the childien’s sleep, when w'as the improvement 
noticed? The expected pictute for each year, accoidmg to expeit 
opinion, would be something like this a low average sleep the first 
few days while the children weie getting adjusted to the unfamiliar 
surroundings of the Institute, to sleeping away from their mothers at 
night, and to the piesence of so many strange people; then a gradual 
rise in amount of daily sleep taken so that the last week of the sum¬ 
mer school would show considerable improvement over the fust 
week in this respect It was anticipated that both years would 
show the same general trends but that the 1932 figuics would be 
somewhat higher than those for 1931, 

Weekly Averages fot 1931 and 1932 Schools Table 8 gives 
the weekly aveiages of the total sleep of children in the two schools. 
It can be seen that in 1931 the average for the sixth week was 24 
minutes highei than the aveiage for the first week In the four 
middle weeks, theic was remarkable agreement in the averages, since 
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TABLE 8 

Weekly Averages* or Total Slufp of Children in 1931 and 1932 
Summer Schools 



1931 

1932 

Number of cases 

IS 

16 

First week of school 

11 09 

11 55 

Second week 

11 23 

11,55 

Third week 

U 20 

U 44 

Tomth week 

11 25 

11 52 

Fifth week 

11.20 

11 53 

Sixth week 

11 33 

11 +7 


♦Weekly averages weie obtained from the daily averages for each seven 
days of the school 


there was only 5 minutes difference between the lowest and the 
highest of them. The improvement which was shown was not, then, 
a gradual increase in amount of sleep taken through the six weeks 
of the Institute but an increase of 14 minutes between the first and 
the second week and anothei 13-minute increase ftom the fifth to 
the sixth week But improvement theie undoubtedly was, and it 
may be that this was directly traceable to the formation of better 
habits of sleep on the pait of the children In this respect, the actual 
figures for the 1931 school show some resemblance to the expected 
pictuie, 

Looking at the weekly aveiagcs foi 1932, it is noted that the 
children slept 8 minutes less the sixth week than they did the first 
week of the Institute. The avciages for the fiist two weeks were 
the same and that for the thiid week was the lowest, being only 11 
minutes lower than the week with the highest average There is, 
therefore, no evidence of the petiod of initial adjustment for the 
children, nor is there any proof of improvement in the amount of 
sleep taken by the children during the six weeks of the 1932 Institute. 
Obviousljr, the children were sleeping as much when they came to 
tl\e school as they were after six weeks under its supposedly optimum 
conditions for sleep The figuies for 1932 certainly do not fit the 
expected picture m any respect 

A comparison of the weekly averages for the two years shows that 
consistently for every week the 1932 avciages were higher than 
those for 1931. In fact, the lowest 1932 average is 11 minutes 
above the highest 1931 average The difference is unmistakably in 
favor of 1932, as it was in a comparison of mean total sleep of the 
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TABLE 9 

Daily Averages* or Total SLrcp or Chiidren in 1931 and 1932 
Summer Schoois 



Number of 
cases 

1931 

Number of 
cases 

1932 

First day of school 

13 

11 11 

7 

11.+5 

Second day of school 

15 

11 00 

10 

11.21 

Third clay 

17 

a is 

12 

11:53 

Fourth day 

18 

a oo 

13 

12*09 

Fifth day 

17 

II 09 

13 

12'13 

Sixth day 

18 

11 09 

13 

12 10 

Seventh day 

16 

11 15 

IS 

11,40 

Eighth day 

18 

a 30 

15 

11,52 

Ninth dayt 

18 

11*32 

16 

12*23 


*Daily averages are the averages of the sleep of nil children in the group 
for the flame 24dioiir period 

tSince the 1932 group of children was not complete until the ninth day, it 
seems advisable to include the eighth and ninth clays 

children for the whole six weeks of the Institute. 

Tabic 9 gives the daily aveiagcs foi the first few days of the 
school m 1931 and 1932 and it is evident that on the opening day 
of school the children slept moic in 1932 than they had on the 
corresponding day in 1931. Figure 2 shows that this superiority 
m amount of sleep taken was maintained throughout the six weeks 
of tile Institute 

Tentative Explanations of the Results of the 1931 and 1932 






1 

10 3JL n'jrf*ory sohool 






1922 nurariy jcliool 


fi 

/ \ 

, ■'s 



■svo CklU EiV^\&£E 

5fl 

, L^l. U.L 

K y 




^ y\ ' 







i’ V 

jj §■£!?&&$ 

'd ^ ■a 'tf 

3 


a 

■o 


& 

'd 

3 

** * 2 . <51 -rt -fl /f x 

H M t<? t- 

d 

+* 

0 ] 

in 

T) 

U 

f*l 

M 


43 

O 

C 

j; 

jj 

t> 

n 


FIGURE 2 

Daily Mean Total Sleep tor Children in thp 1931 and 1932 
Nursery Schools 
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Schools . In trying to find the explanation foi the greater amount 
slept by the children in 1932, it should be remembeicd that chrono¬ 
logical age was the only factor for which the children tn the two 
schools were equated Other less easily measured factors, such as cmo~ 
tional stability or general health, may have influenced the sleep of 
the children to a greater extent than chronological age In the sec¬ 
ond place, amount of sleep, with which this study was concerned, 
was only one measuic of a child's habits of sleeping Independence 
in going to sleep, depth of sleep, and reduction of lestlessness aic all 
important phases of sleep, and there is always the possibility that 
improvement in these took place, although no way of measuring 
them was used for this study 

It will be desirable at this point to summarize the significant facts 
brought out by a companson of the weekly and daily averages for the 
two ycais (1) The sleep of the childien in. the 1931 school showed 
the effects of the expected peuod of adjustment at the beginning and 
improvement duiing the six weeks (2) The sleep of the children 
in the 1932 school showed neither the effects of a peuod of adjust¬ 
ment nor any mipiovement foi the duration of the time. (3) From 
the opening day of school, the amount of sleep taken by the children 
in 1932 was grcatei than that taken by the children in 1931 

Several explanations for these facts suggest themselves, but no 
one outstanding cause is obvious It is, tlieicfore, to be expected 
that there will be difteiences of opinion in attributing the phenomena 
to their various causes. The following tentative explanation is 
offered in the hope that further studies will soon test its acceptability 
The bettei conditions of the 1932 school were responsible for the 
greater amount of sleep of the childien that year The effect of the 
bettei environment was noticeable on the opening day of school 
But these same conditions succeeded in enabling the children to take, 
from the vciy beginning, only the amount of sleep they needed They 
did not teach the children to sleep beyond a certain point Con¬ 
versely, the unfavorable conditions of the 1931 school wcie lcsponsi- 
ble for the fact that the children slept less that year. The influence 
of these conditions was greatest at the opening of school and de¬ 
ceased during the six weeks There is no way of telling whether 
the children were sleeping the maximum amount at the close of school 
or whether there would have been a further decrease if the school 
had been m session longer 
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The effect of enviionmental conditions on childless sleep has 
long been iccogni'zed Unfavoublc conditions undoubtedly do keep 
children fiom sleeping as much as they should. But favorable con¬ 
ditions do not make children inciease the amount of their sleep to 
an unlimited degree. 

The above conclusions appear to limit the possibilities of the con¬ 
trol of the amount of the sleep of ptcschool children by environ¬ 
mental conditions They suggest that external conditions must at 
least share the honors of getting children to sleep the inquired amount 
with some cause moic fundamental to the organism It is not only 
possible but probable that childien sleep as much because their bodies 
need it as because the room is quiet, lestful, and without distractions 
And, conversely, it is piobable that one reason why children do not 
sleep when anxious adults would have them do so is because they 
do not need sleep at that moment lather than because the external 
conditions aie not quite light 

Summaiy . A comparison of the sleep of the childien in the 1931 
school with that of the children in the 1932 school yielded the fol¬ 
lowing lcsults* 

For the afternoon rest pciiod* 

1 It took the childien as long to go to sleep whcthci they 
weie in individual moms oi in a room with scveial otheL children 

2. The mean length of the nap was 8 minutes longei when the 
rest period was taken in individual 100 ms 

3. More naps weie taken by the children in the 1931 school 
when they had their rest peiiods in a 100 m with several other chil¬ 
dren than by the 1932 childien who rested in individual rooms, 

4. There was no evidence that resting in a room with other 
children ivas prejudicial to the afternoon nap, 

For the amount of total sleep: 

5 The mean for the 1932 childien was 31 minutes higher 
than that for the children in the 1931 school, 

6 In 1931, an improvement of 24 minutes from the mean of 
the first to the mean of the sixth week was found, 

7. In 1932, no improvement was shown from the first to the 
sixth week 

8 In explanation of these facts, the question was raised 
whether the influence of environmental conditions on the amount 
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that children sleep was not more limited than had picviously been 
supposed. It was fuithci suggested that some organic factoi might 
deteimine to a consideiablc extent the amount that the children 
slept. 

Constancy or Amount of Sleep Tvken 

The thud part of this study concerned itself with an attempt to 
determine the reliability of the so-called organic factoi as a motivat¬ 
ing foicc for childjen’s sleep The data did not permit of any exact 
mcasuic of a child's need foi sleep, but a study of the constancy of 
the amount of sleep taken bv individual child icii tlliows some light 
on this pioblem 

The Iitcrntuie on the subject of sleep both for adults and childicn 
mentions lhythm as a factor in sleep The rhvthm which is rcfericd 
to is the rhythm of daily sleeping and waking and the belief is that 
once the habit has been foimed an individual will tend to fall asleep 
at approximately the same time each evening and to waken at the 
same hour each morning It is to be legietted that the Vassal Eu- 
themes Institute study did not piovidc data concerning children's 
lhythms of sleeping and waking, but during the summer schools so 
much stress was laid on foinnng pioper habits of sleep that there 
was no opportunity to study the effect of existing lhythms. If, for 
instance, a child wakened too early in the morning, conditions weie 
altered on succeeding days in an attempt to have him sleep longer. 
Every cftoit was made to establish an optimum ihythm ratliei than 
to study the icactions of the child undci the existing one 

For these reasons, no contribution to our understanding of the 
sleeping and waking ihythm is forthcoming from the Vassar study, 
but some interesting conclusions concerning the constancy of the 
amount of sleep taken over a six-weeks period are available The 
data for this part of the study were obtained in the following way 

As the rccoids weic being chatted daily it was noticeable that 
the fluctuations in amount of a child's total sleep fiom day to day 
were great One child varied as much as 3 hours and 45 minutes 
between the day with the most sleep and the day with the least sleep, 
and an houi and a half was the smallest van. it ion found for anv child 
This vaiiation, it should be remarked, was sometimes up, sometimes 
down, but in only two cases was it distinguishable as consistent loss 
or gain over the amount of sleep the child took at the opening of 
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the school. All that was clear was that uses or drops of ail hour 
and a half or two hours occuucd with such frequency that they 
began to be rcgaidcd as the usual rather than the unusual tiling. 



FIGURE 3 

Charts or Daily Total Sleep Taken dy Two Children in the 
Summer School 

Upper—1932 CA, 3 yr9, 6 mos 
MA, 4 yrs. 9 mos> 

Lower—1931 CA, 2 yrs, 9 mog 

-Daily total sleep 

-Daily night sleep 

h- i Weekly average— total sleep 

•- • o * Weekly average— night sleep 

» * * » - n ^ Biweekly average—total sleep 


The space between the dotted ltne and the solid line shows the amount of 

nap taken, 
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A further interesting point brought out by the study of the daily 
variations in the amount of sleep taken by the children under the 
conditions of the Vassal nurstiy school is that so-called “lost sleep 11 
was not made up all at once An inspection of the accompanying 
graphs, Figure 3, shows that it was unusual for a child’s sleep to 
jump diiectly from the highest to the lowest point. Usually the 
increase or decrease was by steps, over several days. For example, 
for two 01 three days a child took moie than his average amount of 
sleep ot less as the case might be If this is universally so, it is un¬ 
safe to assume that an unusually long sleep one night or long nap 
one afternoon will mean a shoitei period of sleep the following night. 
It may mean quite the opposite 

Theories of a daily ihytlim of sleeping and waking weic ccitamly 
not boine out by the data. Administrative changes could not be 
counted on to explain both the losses and the gains in any undei- 
standable way Two questions then became pertinent (1) how 
scnous were the fluctuations' 1 and (2) what caused them? An 
attempt was made to discover whether there was a tendency for the 
organism to maintain its sleep balance in spite of intciruptions in the 
daily lhythiri 

The search for other patterns than the 24-hour one was made by 
computing the averages for all the possible combinations of days from 
2 to 21 For example, for a child, the average of every 2 days’ 
sleep, 3 days’ sleep, 4 days’ sleep, etc., for the six weeks of the Insti¬ 
tute was studied and the weekly average selected for further study. 
This choice was made because the variations between the aveiages foi 
2 days either side of the 7-, 14-, and 21-day periods were so close 
to the weekly, biweekly, and triweekly averages as to be unimportant 
No claim is made that these 7-day units are the ideal ones They 
were simplv the most convenient for this study. Future studies will 
undoubtedly reveal more definite patterns of vaiymg length which 
the piesent data faded to disclose. 

For this compauson of the weekly, biweekly, and triweekly aver¬ 
ages, the data for one child whose records were incomplete were 
excluded Table 10 gives the range between the highest and lowest 
average for each child. 

Assuming that 15 minutes oi less was a negligible difference, it 
can be seen that 12 of the 32 children took the same amount of 
sleep every two weeks Nine more children took the same amount 
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of sleep every three weeks. Twenty-one childien, theiefore, or 
66%, lemained constant with lcspect to sleep taken over a two- or 
three-week period. 

TABLE 10 


DIFFFRFNCP9 BETWEEN THE WEEKLY, BlWCEKLY, AND TRIWEEKLY AvERACES 


CA 

Weekly 

Bi¬ 

weekly 

Tu- 

wcekly 

CA 

Weekly 

Bi¬ 

weekly 

Tri¬ 

weekly 

r~s 

38* 

St 

13+ 

3-8 

29 

17 

3 

1-8 

64 

31 

18 

3-10 

57 

35 

32 

2-0 

55 

12 

14 

3-10 

27 

2+ 

5 

2-2 

30 

13 

6 

3-11 

31 

9 

13 

2-2 

19 

17 


4-0 

40 

8 

12 

2-5 

S3 

22 

20 

4-1 

10 

12 

11 

2-6 

54 

23 

18 

4-2 

35 

15 

8 

2-6 

65 

36 

27 

4-3 

75 

39 

24 

2-6 

42 

20 

22 

4-3 

30 

11 

16 

2-9 

69 

9 

7 

4-6 

40 

30 

22 

3-0 

67 

51 

32 

4-8 

51 

12 

17 

3-0 

39 

23 

11 

4-8 

45 

20 

15 

3-1 

33 

14 

8 

4-11 

17 

12 

11 

3-3 

48 

36 

15 

4-11 

65 

28 

6 

3-5 

27 

19 

12 

5-2 

78 

66 

52 

3-6 

45 

5 

2 

5-2 

27 

13 


3-6 

83 

46 






3-6 

47 

28 

25 






*This means that the difference between the week in which the child slept 
the least and the week in which he slept the most wna 38 minutes 
tTius means that the difference between the child’s sleep the first two- 
week peuod, the second two-week period, and the thud two-wcek period 
Was 8 minutes 

tTIns means that the difference between the child's sleep for the first 
three weeks and his sleep for the last three weeks was 13 minutes. 

If 30 minutes is assumed to be a negligible diffcience, a further 
inspection of Table 10 reveals the fact that 9 children took within 
30 minutes of the same amount of sleep every week, 17 every two 
weeks, and 4 every three weeks Only 3 cases vaned moie than 30 
minutes in their triweekly averages and 2 of these exceeded the 
limit by only 2 minutes, which is so small as to be unimportant 
In other woids, all but one child lemained acceptably constant in 
the amount of sleep taken in either one-, two-, oi thiee-wcek periods. 

It should be further noted that only one child showed a consistent 
improvement in amount of sleep taken weekly during the Institute, 
so that his avciage the sixth week was 1 hour and 5 minutes moie 
than his fiist week's average Conveiscly, another child showed a 
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clecicase of 1 hour and 16 minutes in amount of sleep taken weekly 
from the first to the sixth week. But these children were exceptions, 
the majority fluctuated from week to week, sometimes showing a 
gam sometimes a loss but without a consistent tendency in cithei 
direction. 

This fact becomes mcicasingly significant when it is lecalled that 
the situations in which these figmes were gathcicd were in no sense 
cxpeiimentally contioiled As has been previously pointed out, the 
only control was that of attempting to secure optimum sleep condi¬ 
tions for each child in so far as it was compatible with the mtcicsts 
of the gioup Procedmcs were varied to suit the needs of the mo¬ 
ment, some days a child was awakened fiom his nap, othei days he 
was allowed to sleep as long as lie wished, occasionally a child was 
given Ins supper in bed oi an extra penod of rest The interesting 
thing is that, with all these changes, the individual children took piac- 
tically tlie same amount of sleep ovci a certain period of time 

What explanations aic suggested by these facts? The usual ones 
of administrative or teaching procedures cannot satisfactorily ac¬ 
count for both the losses and the gains The impoitance of tem¬ 
porary conditions such as the child's physical condition or his 
immediate environment fades into insignificance when it is noted 
that the effects weie evidently tcmporaiy, too A child may have 
slept less one day because of illness or outside disturbances, but, 
since lie came out even in the satisfaction of his sleep needs at the 
end of two or three weeks, the effects of the tempoiaiy condition were 
evidently tcmporaiy, too, with lespect to his sleep Something more 
fundamental than the influence of immediate conditions seems to be 
at work and the explanation may lie in the physiological drive of 
the organism for rest and sleep 

Child icn's sleep may be not the "volatile habit” that it has been 
assumed to be but rathci a dependable factor which remains constant 
in spite of changing conditions There is, of couise, further need 
for more studies of children's sleep over longci periods of time, but 
the evidence fiom the Vassar study at least raises the question whether 
the organic drive for sleep is not one of the most important factors 
in children's sleep. 

This idea is by no means new Psychologists have long recognized 
not only the existence but the insistence of the physiological drives, 
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but specialists in the field of child training have been slow to lcly 
on them for motivation of childien’s behavior. 

There is ample evidence in the hteiaturc that many authorities arc 
in agiecment with the undeilying theory. For example, Dr, Woolley 
has stated that "childien living under healthful, wholesome condi¬ 
tions will take as much sleep as they need and waken when they 
have had enough 1 ' (4, p 47). But there is little evidence that the 
authorities expect this theory to woik out in piacticc The advice 
which they give for the formation of proper sleep habits does not 
confoim to the theory which seems to be proven by this Vassar study, 

The reasons for this discicpancy between theory and practice can 
only be touched on here For one thing, the recent emphasis on 
habit foimation has tended to obscure the other causes of children’s 
behavior and, since the physiological diivcs are seemingly less under 
the control of adults than the immediate environmental conditions, 
their significance has been minimised accordingly. 

The lansez fane policy toward sleep advocated by this theoiy 
should be adopted cautiously and with due regard foi its limitations 
A similai theory with respect to childicn’s eating has been in prac¬ 
tice in recent yeais with notable success. There is no leason for 
assuming that the application of this theoiy to childien’s sleep will be 
pioductive of more difficulties Is it not tune, perhaps, that the 
same attitude was adopted toward sleep that is taken toward eating'' 
"No forcing, no fussing’ 1 would be as good a motto to apply to the 
formation of proper habits of sleeping as of eating. Sleep meets a 
physiological need of the organism just as food docs, missing a nap 
or taking a shorter night's sleep than usual is no more upsetting than 
missing a meal Adequate environmental conditions aie essential, 
but once they have been piovidcd the adults’ responsibility and worry 
should end Just as adults provide for the children opportunities for 
adequate food intake each day, so they should provide optimum con¬ 
ditions for sleep. And, under these conditions, the physiological 
diive for sleep can be counted on to get the child to sleep when he 
needs it, Whether the child sleeps oi not at any time is a matter of 
no concern for the moment, but if a careful study reveals a continu¬ 
ous refusal to satisfy his sleep needs adequately then the symptoms of 
maladjustment should be investigated, as in any other behavior diffi¬ 
culty. 

Theic is then no justification in the lesults of this study for allow- 
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mg megular bedtimes 01 for diopping the afternoon lest peiiod for 
children of prcscliool age In fact, all the evidence tends to empha¬ 
size our inability to estimate in advance how much sleep a child needs 
at any particular time and to strengthen the belief that it is the 
adult's responsibility so to atiange the envnonment that at tegular 
peuods the child can sleep if and when he needs to. 

Summary and Conclusions 

The present study is concerned with sleep of 34 children between 
the ages of 17 and 62 months at the Vassal College Institute of 
Eutlicmcs nuiseiy school during the six-weeks summer scsslous of 

1931 and 1932 No experimental situation was set up, but every 
effort was made to provide optimum conditions for the sleep of each 
individual child. The lecoids wcie kept by the teacheis in the 
ordinary com sc of their duties and wctc eaicfullv supei vised by the 
dncctors of the school The data wcie limited to the quantitative 
aspects of sleep 

It was found that the two-ycai-old children slept 12 hours and 
30 minutes out of the 24; the three-year-olds, 11 hours and 23 min¬ 
utes; and the four-year-olds, 10 horns and 57 minutes* One hour 
was the mean length of time to go to sleep at night, rcgaidless of 
chionological age. With icspect to naps, there was evidence that 
the nap tends to drop out on the all-or-none principle, as has been 
previously assumed 

A comparison of the procedures used in 1931 with those used in 

1932 appealed to indicate that, with the bettei enviionmental con¬ 
ditions of 1932, the childicn tended to take more sleep, but that 
the conditions were powerless to increase this beyond a certain 
amount. There was no evidence that taking an afternoon rest in 
a room with scvcial other children was prejudicial to sleeping. 

It was found from a study of the constancy of the amount of 
sleep taken by individual children that the daily fluctuations were 
great but that the weekly, biweekly, and tmveckly averages were 
in closer agicement The data pointed to the conclusion that over 
a longer pcnod of time than 24 houis most of the children main¬ 
tained an acceptable constancy in the amount of sleep they took 

The question was raised whether the physiological drive for sleep 
was not more impoitant than had previously been supposed and, 
conversely, whether the influence of external conditions was not of 
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less importance than the literature on child timing has indicated. 
The suggestion was made that it was pci haps time that the attitude 
of adults toward cliildien's sleep was revised in much the same way 
that the attitude toward eating has recently been changed, 
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LE SOMMEIL DES JEUNES ENFANTS 
(Rcsurn6) 

On a 6tudi6 lea aspects quantitatifs du sommeil i Tecole pour petits 
enfants du Vassar College Institute of Euthenics en 1931 en 1932. Les 
sujets ont et£ trente-quatre enfants emre l J agc de dix-aept et de soixante- 
deux mois. Les donates ont dtd obtenues par les mmtresses de recole qunnd 
elles ont fait leurs devoirs orduiairea de soigner lea enfants vingt-quatre 
henres par jour. 

Le sommeil total moyen a dc 12 30 henres pour les enfants agis de 
deux ana, de 11 23 pour ceux ages dc tiois ans, ct dc 10 57 pour ccux 
igh de quatre ans, 

Le sommeil tics enfants en 1932, quand les conditions ont 6te plus 
favorables, n £te plus long qu’en 1931, mais Pmfluence des conditions du 
milieu a itb plus limine qu J on n'a suppose aoteiicuiement 
Le9 fluctuations quotidiennes dans le sommeil des enfants individus ont 
6t6 grandcs, mais lea moyennes pendant une semaine, deux semaincs et 
trois semaines se sont ^troitement accoidees Pendant une periode durnne 
plus de vingt-quatre heures, la plupait des enfants ont maintenu une con- 
stance acceptable dans la longuem de leur sommeil On s’est demand^ si 
Vimpvdsion phygiobgique veis le sommeil est plus importante que Pon n'a 
pensfi antfrieurcment, et oit a suggerS qu’il faut changer Pattitude des 
adultes A l'6gard du sommeil des enfants dc la meme manure qu J on a 
change Pattitude A PGgard de leur nournturc 
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DER SCHLAF JUNGER KINDER 
(Rcfeiat) 

In dcr Kleinkinderschule dea Vassar College Institute of Eutlienics 
wurden in Jnhre 1931 und 1932 quantitative Erschcinungcn des S’chlnfes 
studicrt Die Vcisuchspersonen waren vierundieissig Kinder ini Alter 
vot\ stebielm b\s zwcuindsechfcig Monaten Die Angabcn wurden duich 
Leluerinnen dcr Klemkindcrschule wnhrend dcr ordcntlichcn Pflcge dcr 
Kindci vierundzwanzig Stunclcn im Tag gesammelt 
Die mittlcre Gesnmtdauer des Schlafes wai 12 Stnnden 30 Mnuitcn 
fur zvYcijahi Igej 11 Stunden 23 Minn ten fm dreijalirige und 10 Stutidcn 
57 Minuten fm vierjahrige Kinder 

Im Jahre 1932 als die Bedingungcn gunstiger waren, war dcr Sclilnf 
dcL Kinder Lesser ais im Jahre 1931, ahci dcr Einfluss der Umgelning war 
beschiankter dh fmher angenornmin wurde 
Tagliche Scliwnnkungen nn Schlaf ciiwelncr Kinder waren gross, aber 
wochenthclie, zweiwochentlichc und dieiwochenthche Dmchs<-hmtte stmnntcn 
nahe ubeiem Dei cincm langercu Zci tabs din lit als viciundzwaiuig 
Stunden, wi&bcft die mmten Kinder Line crvumschte Konstanz bczughqh 
dci Schlnfdauer auf Die Autoicn sticssen dndurch nuf die Frage, ob der 
physiologische Diang nnch S’qhlaf wichtigcr sci als fmher angenommen 
wurde und sclilagen vor, dass die Eltcrn ihre Ilflltung gegen Kinder be- 
zuglich dcs Schlafg nndein, so wic die Ilaltung clem Essen gegemiber 
kurztich geandert wuidc 


Reynolds und Mai lay 



THE MUSICAL ABILITY OF MOUNTAIN CHILDREN 
AS MEASURED BY THE SEASHORE TEST OF 
MUSICAL TALENT* 

from the Dcpfii intent of Psychology of the East Tennessee State Teachers 

College 


Lester R Wheeler and Viola D Wheeler 


During the past few years there has been a remarkable revival of 
interest in the music of the Southern Highlands Students of folk- 
loie aie collecting and preserving the folk-songs and ballads of moun¬ 
tain people Talking machine and radio bung to the outside world 
the melancholy stiains and weird tales of mountain songs > some of 
which were sung and lost in England centuries ago The ability of the 
Highland people, which has enabled them to preseive the antique 
ballads of their mother country as well as make many excellent new 
ones, seems rather remaikable. It is the purpose of this study to 
mcasuic objectively the musical ability of the mountain people 
Because the majoiity of studies of musical talent do not fall di¬ 
rectly within our pioblem, we shall omit any detailed levicw of the 
literature. As far as we can learn no attempt has been made to study 
the musical ability of mountain people by objective methods. There 
are many problems to consider in selecting a scale for measuring this 
trait. For our purpose, wide stand Azdization and use of a test is nec¬ 
essary for comparisons Also the lack of musical instruction among 
the mountain children makes it necessary to use a test involving the 
least amount of training We feel the Seashore Test of Musical 
Talent most nearly approaches these requiiements, but in using it we 
read oui results with reservations, mindful that the test has disci ep- 
ancies and many adverse criticisms. 1 We make no attempt to defend 


^Accepted for publication by Cml Murchison of the Editorial Board and 
received in the Editorial Office, November 3, 1932 

Seashore (43) gives the history of research on music nt the University 
of Iowa for the past 25 yea is The technique and construction of the tests 
is clearly given, and one feels that valuable service has been rendered 
m an attempt to measure music nbihty of adults and children Farnsworth 
(8) gives a good discussion of the studies which hnve been made on the 
reliability and standardization of the Seashore-Kwahvasser battery He 
finds the tests should be of value in ceitam group studies and might be of 
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the vahchtj of the test, but feel that for our puipose it is tile best test 
available. Its results at least give us data for comparisons in the six 
elements—pitch, intensity, time, consonance, tonal memory, and 
rhythm. As to how great a pait these factors play in musical talent 
we do not know. 2 

Several other difficulties anse when studying the results of the 
Seashore Test. While a levicw of a number of studies shows that 
the test is fairly well standardized, the 1101 ms seem high when com- 
paicd with children m other investigations In W. S. Larson’s (27) 
study of four groups of childicn in public-school music, only the 
membcis of the senior-lugh-school advanced orchcstia compare favor¬ 
ably with the noims Ruth Lai son (26) studied pupils beginning 
music in the eighth grade, and her results compare more favorably 
with those of W. S. Larson for the same selection of cases than with 
the noims. Gioups measured by Gray and Bingham (15), Garth 
(11), Lenoir (28), and others show similar lesults Laison's final 
noims are not mateitally different fiom the onginal, and the same 
criticism might be made of her woik Pcihaps a wide enough range 
of public schools has not been included m the process of standardiza¬ 
tion. 

Another difficulty in using the test is its cumbersome length. 
Laniei (22, 24) has pointed out that the test could be reduced in 
length and not mateilally affect its usefulness. This fact seems 
plausible irr studying the results on the mountain children of this 
study. Anothci weakness of the test is the lack of stand aids in terms 
of scores and adequate lehability measuics. This materially handi¬ 
caps accurate compaiisons of studies by different investigators. Wc 

value for general classification purposes. For other studies on the reliabil¬ 
ity, validity, prognostic, and predictive value of the Seashore test see 
Brown (4), Highsrrmh (17), Lanier (23), Murscll (33), Schoen (37), 
Brennan (2), Tilson (51), Wilson (52), Wright (5h), Hemlcin (16), 
Stout, (50), and Gnw (12) Space does not permit a discussion of these 
references 

3 Lowry (29) has discussed some of the fundamentals underlying musical 
ability He points out two phase s of music, technique and interpretation, 
which must be the basis for a music test lie believes that an individual 
may interpret and appreciate music and not be skilled in its technique. 
Farnsworth (7) gives a comprehensive discussion of the effects of nature 
and nurture on musicaiity He reviews studies on music in relation to gen¬ 
etics, intelligence, chronological age, and training He concludes the prob¬ 
lem is still a moot question that cannot be answered by mcndclian counts 
on the human race, noi while social inheritance continues to undermine the 
values of a study of musical families 
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TABLE 1 

Musical Talent of Mountain Children as Measured m Seashore Tests 


I* Sense of Pitch 

No, of cases 123 

Median 51 41 

PE (med ) 869 

Q-3 60 56 

QT 45 15 

Q 7 71 

II Sense of Intensity 

No of cases 123 

Median 69 08 

PE» (med,) 1039 

Q-3 79 42 

Q-l 60 98 

Q 9,2? 

III Sense of Time 

No of cases 125 

Median <50 28 

PE, (med) ,834 

Q-3 67,62 

Q-l 52 68 

Q 7 47 

IV Sense of Rhythm 

No of cases 121 

Median 60 45 

P.E. (med.) .775 

Q-3 66 19 

Q-l 52 55 

Q 6 82 

V. Sense of Consonance 
No. of cases 120 

Median 60 61 

P E (med ) 794 

Q-3 65 39 

Q-i 5147 

Q 6 96 

VI Tonal Memory 

No, of cases 123 

Median 31 95 

PE (med) 862 

Q'3 3 8.75 

Q-l 23 44 

Q 7.65 

Average performance 

°n all six tests 55.63 


109 
52 72 
1 052 
61 71 
44 14 
8 79 

109 
76 25 
1421 
89 30 
65 57 
11 87 

102 
63,33 
,832 
70 63 
56 17 
6 73 

102 
62.61 
1.251 
69,53 
49 32 
10,11 

103 
63 44 
1 032 
72 23 
55 38 
8.38 

103 
33 30 
1065 
42,11 
24 75 
8 66 


117 
69 22 
919 
74 95 
59 08 
7.94 


130 
62 66 
.857 
69,61 
53 97 
7 82 


102 
66 78 
1,129 
77 75 
59,50 
9,13 


103 
63 08 
688 
68 75 
57 58 
5 59 


419 
78 59 
589 
85 33 
66 04 
9.65 

446 
64,18 
494 
73 21 
56 50 
8,36 

407 
61 78 
491 . 

68 98 

53 34 
7 82 

456 
62 34 
430 

69 05 

54 34 

7 36 

410 
3443 
593 
42 75 
26.43 

8 16 
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feel that Ruth Laison has not contnbutcd a gieat deal in her revi¬ 
sion of the norms because she has added little to the original data 
except number of cases Reliable standaids should be given for the 
sixth and seventh giades Adequate lehability measuics should ac¬ 
company all norms. Further research needs to be done on a number 
of phases of the test, 

During the spring of 1932 the writers gave the Scashoie Test of 
Musical Talent to 456 mountain children of East Tennessee in 
Giades V, VI, VII, and VIII All these children wcic found in 
the public schools of the mountains, and were tested under ordinary 
public-school conditions They constitute an unsclcctcd group of 
mountain childicn The scoung of all the tests was caiefully 
checked. Table 1 shows the numbei of cases and the statistical mea¬ 
sures used to interpret this investigation 

Table 2 shows a comparison of the mountain children with Sea¬ 
shore’s norms for pitch, intensity, time, lhythm, consonance, and 
tonal memory The data indicate that the mountain children aic 
significantly below the norms in pitch and tonal memory, but with 
less differences in the other measures Since Seashore’s norms have 


«$Ct>re 



Musical Talent of Mountain Children Compared with Larson'3 Norms 



Comparison of the Median Achievement of Mountain Children 

Seashore's Norms 
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TABLE 3 

Percentage of Mountain Children Above and Below the Median of Seashore’s Norms 
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TABLE + 


Comparison of Mountain Children with Larson's Final Norms 



No 

Med 

Q-3 

Q-l 

Q 

Pitch 


Gtade V 




Larson 

Mtn. child 

1688 

123 

67 OOzhO.305 

51 41d:0 869 

77.00 
60 56 

57 00 
45,15 

10 00 
7 71 

Intensity 





Larson 

Mtn child, 

1671 

123 

75,00+0 245 

69 08+1 039 

82 00 
79+2 

66 00 
60 98 

8 00 
9.22 

Time 





Larson 

Mtn, child, 

1681 

125 

65 00+0 198 

60 28+0 834 

71 00 
<7,62 

58,00 

52.68 

6 50 

7 47 

Consonance 





Larson 

Mtn, child 

1680 

120 

62 00+0 193 
60.61+0 794 

68 00 
<5 39 

55 00 
5147 

6,50 

6 90 

Tonal Memory 





Larson 

Mtn child 

1691 

123 

50.00±0 316 

31 95±0 862 

65 00 
38.75 

39.00 

23 44 

13 00 
7.65 

Rhythm 





Larson 

Mtn child. 

448 

121 

64 00+0,296 

60 45+0.775 

69.00 

66.19 

59 00 
52.55 

5,00 

6 82 

Pitch 


Grade VIII 


, 


Larson 

Mtn child. 

1300 

91 

78 00±0 276 

57 95 + 1 611 

83 00 

69 07 

67 00 

44 42 

soo 

12 30 

Intensity 





Larson 

Mtn child. 

1318 

91 

84 00+0 172 

81 S8+1 334 

88 00 
92.70 

78 00 

72 3+ 

5.00 

10 18 

Time 





Larson 

Mtn child 

1311 

102 

71 OOzfr 0,190 

66 78+1 129 

76 00 

77 75 

65 00 

59 50 

5,50 

910 

Consonance 





Larson 

Mtn child, 

1315 

103 

67,00±0,190 

63 08dt0,688 

72.00 

68 75 

61 00 

57 58 

5 50 
5.60 

Tonal Memory 





Larson 

Mtn child 

1334 

91 

63 00+0 397 

40 66+0 869 

74 00 

46 25 

51 00 
32,68 

11.50 

6 80 

Rhythm 





Larson 

Mtn child 

587 

90 

69 00+0,258 

62 22zbl 241 

74,00 

71 56 

64 00 
52,75 

5,00 

9+0 
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no lcliability measures, the comparisons of the two groups are sta¬ 
tistically questionable 

Studying the percentage of mountain children above and below 
the fiftieth percentile of Seashore's noims, the same general trend is 
shown (see Table 3) 

Table 4 and Figuie 1 show a compairson of the mountain chil¬ 
dren with Larson's (26) final not ms foi the Seashore Test. 

Table 5 shows a comparison of the two groups in terms of medians 
and the reliability of the diffcicnccs A study of this table shows 
that for Grade V theic is a reliable diffeience in pitch, intensity, 
time, tonal memoiy, and ihvthm Foi Giadc VIII them is a re¬ 
liable diffcicncc in pitch, time, consonance, tonal memory, and 
rhythm. These data indicate that the mountain childlen are below 
Larson's norms in all the measuies, and that the differences are 
reliable in piactically all companions Theic is a marked sulmor- 
mahty shown in pitch and tonal memory It has been mtciesting 
to speculate as to the cause of this It is, of course, a well-known 
fact that the mountain people do not have icady access to any in¬ 
stillment where the pitch is mechanically controlled The fiddle 
and dulcimei arc tuned according to the individual player's sense 
of pitch. If wc knew to what extent training influences accuracy 
of pitch, then wc might speculate further on this point a There 
seems to be an evident lelation between sense of pitch and tonal 
memory—lack of the fust might impair the accuiacy of the second 
as it is measured by the Seashore Test. This is suggested only as 
a possibility for the low achievement on these tests. 

A study rcpoited by Larson (26) in her revision of the Seashore 
norms is shown m Table 6 This study was made on eiglith-gi ndc 
students beginning music, and adult and eighth-grade non-musicians 
Here the mountain children appeal superior to the beginning music 
gioup in all measures The greatest differences between the two 
groups arc m intensity, time, and consonance (see Figure 2). The 

T piP -shows these differences to be reliable. Wc are fan ly safe 

in saying that the mountain childien are supeiior to this group of 
eighth-grade students Comparing the mountain children with the 
group of non-musicians, again the mountain children appear super¬ 
ior The difference is consistent and verified by the percentage of 


*See Smith (45) for discussion 
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TABLE 5 


Music Ability of 

Mountain 

Children Compared 
Norms 

with Larson's Pinal 


No. 

Med P.E 

D 

pE ',rw 

Chances m 
100 

Pitch 

Larson 

Mtn child 
Difference 

1688 

123 

Gtade V 

67 00±0 305 

51 41 ±0 869 

15 5 9:4:0 921 

16 9 

100 

Intensity 

Larson 

Mtn. child 
Difference 

1671 

123 

75 G0±0 245 

69 0S±l.O39 

5 92dr 1 030 

57 

100 

Tune 

Larson 

Mtn, child, 
Difference 

1681 

125 

65 00±O 198 

60 23±0 834 

4 72zb0,851 

5 5 

100 

Consonance 

Laison 

Mtn, child 
Difference 

1680 

120 

62 00±0 193 

60.61 ±0 794 
1J9±0 817 

1,7 

87 

Tonal Memory 
Larson 

Mtn child, 
Difference 

1691 

123 

50,00±0 316 
31.95-b0.862 

IS 05rhO,918 

19 6 

100 

Rhythm 

Larson 

Mtn child 
Difference 

448 

121 

64 OOdrO.296 

60 45zb0 775 

3 55bz0 830 

42 

100 

Pitch 

Larson 

Mtn child. 
Difference 

1300 

91 

Grade. VUI 

78 00±0 276 

57 95ibl 611 

20 05±1,203 

17 4 

100 

Intensity 

Larson 

Mtn child 
Difference 

1318 

91 

S4 00±0172 

81 SSztrl 334 

2 12=t 1 341 

1 58 

85 

Time 

Lai son 

Mtn child, 
Difference 

1311 

102 

71 0 0±0 190 

66 78dzU29 

4 22dzl 14 6 

3 69 

99 
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TABLE 5 (continued) 





D 

Chances in 
100 


No 

Med P E 

PEim//. 

Consonance 

Larson 

Mtn child 
Difference 

1315 

103 

67 00±0 190 

63 08±0 688 

3 92±0 714 

5 4 

100 

Tonal Memory 
Larson 

Mtn child. 

Differ ence 

1314 

91 

63 00±0 397 

40 66±0 869 
22.34+0 955 

23.3 

100 

Rhythm 

Larson 

Mtn. child. 
Difference 

587 

90 

69 00±0 258 
62,22±1 2+1 

6 78+1 268 

X 

5,3 

100 


Score, 



FIGURE 2 

Musical Taient op Mountain Children Compared with Larson’s Study 
of Eighth-Grade Beginning Music Pupiis and with Non-Musicians 
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TABLE 6 

Mountain Children Compared with Larson's Study or Eiguth-Gradb 
Bpginning Music Students and Adult and Eighth- ' 
Grade Non-Musicians 


highth Gtade> Beginning Music 





D 

Chances in 
100 


No. 

Av P,E 


Pi tell 

Beginning music 

Mtn children 
Difference 

121 

91 

57.6±2.810 

61 4±0.869 
—3 8±2 .766 

1.37 

82 

Intensity 

Beginning music 
Mtn children 
Difference 

114 

91 

49 0±2,690 

80 6± 1 039 
—3 L 6±2 884 

10 96 

100 

Time 

Beginning music 

Mtn children 
Difference 

119 

102 

SI 7±2 600 
6S5±0 834 
—16 8±2i73D 

6.15 

100 

Consonance 

Beginning music 

Mtn children 
Difference 

114 

103 

544+2 480 

65 5+0,794 
—11,1±2 604 

4 26 

100 

Tonal Memory 
Beginning music 
Mtn. children 
Difference 

117 

91 

42.2+0 259 

45 0+0.362 
—2 8±2 746 

1 01 

75 

Rhythm 

Beginning music 
Mtn children 
Difference 

112 

90 

55 6+0.258 

59 9+0,775 
—4 3+2.461 

1.74 

87 


Adult and Eighth-Grade Non-Musicians 


Percentage 
Above Below 

No, Av, Non-musicians 

Pitch 


Non-musicians 

100 

48 9 



Mtn children 

91 

61,4 

65 

35 

Difference 


—-12.5 



Intensity 





Non-mustcians 

100 

57.0 



Mtn children 

91 

80 6 

92 

8 

Difference 


—23 6 
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TABLE 6 



No 

Av 

Percentage 
Above Below 

Non-musicinns 

Time 





Non-musiciana 

100 

48,0 



Mtn, children 

102 

68,5 

88 

12 

Diffeience 


—20 5 



Consonance 





Non-musicians 

100 

47 9 



Mtn children 

103 

65 5 

92 

8 

Difference 


•—17 6 



Tonnl Memory 





Non-musiaane 

100 

421 



Mtn children 

91 

45 0 

68 

32 

Difference 


—2 9 



Rhythm 





Non-musician 9 

100 

45 9 



Mtn children 

90 

59 9 

80 

20 

Difference 


—14 0 



Av % 



80 6 

19 4 


overlapping. We are not able to give the true significance of this 
diffeLence because Larson failed to report reliability measures with 
these data 

Church, under the direction of Farnsworth (9), made a study of 
the results of the Seashore tests on the fifth and eighth grades in San 
Jose, California. Table 7 shows a comparison of the medians, also 
the percentage of mountain child ten above and below the California 
medians. There seems to be a fanly consistent difference in favor 
of the mountain children, but wc are not able to say whether this 
difference is statistically significant since Church included no i lia¬ 
bility measures, 

A study made by W. S, Larson (27) reports the average per¬ 
formance on four groups of children in public-school music. He 
computed the aveiage peiformance of each group on all of the six 
tests In Table 8 these groups are compared with the average per¬ 
formance of the mountain children We find the mountain children 
superior to the group beginning instrumental classes and to the mem¬ 
bers of the junior-high-school orchestra Wc could hardly expect 
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our unsclectcd group, which included no high-school grades, to sur¬ 
pass the junior-high advanced and senior-high orchestra. Since 
Larson did not leport lcliability measures, we are unable to give 
statistical leliabilities for these comparisons. The small number of 
cases in Larson’s study also lowers the value of the comparison. 


TABLE 8 

Average Performance oi Mountain Children on All Six Sbashorr Tests 
Compared with Ayeracf Performance as Measured dy Larson on 
Four Groups of Children in School Music 


Groups 

I II III IV 



No 

Av. 

No 

Av 

No, 

Av, 

No. 

Av. 

Av DifF. 

Lnrson 

125 

52,1 

30 

49 1 

31 

66 0 

50 

73,2 


Mtn child 

426 

59 3 

426 

59 3 

426 

59.3 

426 

59.3 


Diff 


—7.2 


-10 2 


6,7 


13.9 

8 


Group I, pupils beginning instrumental cloaks, 

Group II, members of jumor-high-school orchestra 

Group III, members of junior -high-school advanced orchestra 

Group IV, members of senior-high-achool orchestra 
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Various studies dealing with lacial differences as measured by the 
Seashore Test have been leviewed by Farnswoith (8). He finds so 
many variations among the different studies that no definite conclu¬ 
sions can be diawn. This opinion is vciified by other investigators. 
No attempt will be made in this investigation to discuss racial dif¬ 
ferences, but we would like to present several interesting compari¬ 
sons of mountain children with Negio and Indian children 

Tabic 9 gives a companson of the mountain childien with the 
colored and white childien in Giades VI, VII, and VIII, studied 
by Gray and Bingham (15). Here the mountain children appear 
above the Negro in the tests on intensity, consonance, and tonal 
memory. The Negro children are above in tests in pitch and time, 
but with smaller differences The mountain children are below 
the white children of this study in pitch, intensity, and time. (See 
also Figure 3 ) Even without the reliability measures for these 
comparisons, the diffeiences appear such that we can say that the 
mountain children compaie favorably with the white children of 
Gray’s investigation, and they are probably superior to the colored 
children in most of the measures. It is interesting to note in Gray's 
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study the apparent discrepancy in the low scores for consonance and 
tonal memory. 

Johnson (20) reports an investigation of the Seashore Test given 
to 3350 Negroes in North Carolina, South Carolina, and Virginia. 
A comparison of the mountain clnldien with Johnson’s data is shown 
in Table 10 and Figure 4. The Negroes appear superior to the 
mountain children in all measures except those of intensity and time 
in Grade VIII. The greatest differences appear in pitch and tonal 
memory. This is also shown by a study of the overlapping of the 
groups The indications aie that the Negroes are probably above the 
mountain children in most of the mcasuies, but as to the statistical 
significance we are unable to say The scores reported by Johnson in 
this study are above the Seashoie-Larson norms in a number of 
measures. These are the highest scores we have found in any of the 
investigations It is unfoitunate that we could not obtain reliability 
measures for Johnson’s data in Older to make accurate comparisons. 
We are inclined to believe that his data are rather high for Negro 
children 

Gaith (11) gave the Seashore Test of Musical Talent to 360 full- 
blood Indian children of Grades V-VIII in government schools in 
Oklahoma, South Dakota, and New Mexico A comparison of moun¬ 
tain children with these Indian children appears in Table 11 and Fig¬ 
ure 5 Apparently from a study of the semi-interquartile range there 
is a great variation in the scoies made by the Indian childien This is 
also shown by the size of the P.E.’s. There seems to be a consistent 
difference in favor of the mountain children foi most of the mca- 

D 

sures in all the grades. The-shows the differences to be re- 

P.E.aiit 

liable in all of the measures for Grade VIII, and in the majority of 
the measuies in the other grades. It seems safe to say that the moun¬ 
tain children are superior to the Indian children in musical talent as 
measured by the Seashoic Test We would like to mention that 
Garth’s investigation is one of the best we have found for purposes 
of comparison because the investigator has included adequate data in 
terms of reliability measures As he leports that he found no racial 
differences, we did not use lus data for mixed-blood Indians. 

We have attempted to compaic the musical talent of the mountain 
children as measured by the Seashore Test with the results of ten 
different investigations which used the same test. Seven of the com- 
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CoMPAfi-tSON OF MOTWTAIl? ChZLDR£W WITH FULL-BLOOD INDIANS AS MEASURED BY 
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parisons had to be made without adequate lehabihty measures. Of 
these seven comparisons, the mountain children seem to fall below 
in two, above in four, and to show no difference in one. Of course 
these comparisons are questionable as to reliability. Of the three 
comparisons made with adequate reliability measures the mountain 
children fall below in one and above in two. We feel fairly safe in 
saying that the mountain children compare favorably in musical tal¬ 
ent with the normal for the country at large. 

Summary and Conclusions 

1. This investigation consists of a study of the musical talent of 
465 East Tennessee mountain chvldien measured by the Seashore 
Test of Musical Talent 

2 The mountain children seem to fall slightly below the Seashore 
norms in practically all the measures, and significantly below in pitch 
and tonal memory. 

3. In comparing the mountain children with Larson's revision of 
the Seashore noims, the mountain children fall below the norms in 
practically all measuic3, and a reliable statistical difference is found 
between the groups. 

+. There is a significant difference in favor of the mountain chil¬ 
dren when compared with Larson’s eighth-grade beginning music, 
and there seems to be a real difference in favor of the mountain chil¬ 
dren when compared with her study of adult and eighth-grade 
non-musicians. 

5. Mountain children seem superior to childien of San Jose, 
California, in most of the measures of the Seashore Test. 

6. Mountain children seem to be above W S Larson's gioup 
of beginning instrumental classes in public-school music and above 
his junior-high-school orchestra group. 

7 Mountain children are above the white and Negro children as 
reported by Gray and Bingham. 

8 The Negro children as teported by Johnson seem to be su¬ 
perior to the mountain children in practically all measures of the 
test. 

9. There is a significant difference in favor of the mountain chil¬ 
dren when compared with full-blood Indian children measured by 
Garth. 

10. The musical talent of East Tennessee mountain children, as 
measured by the Seashore Tests, compares favorably with that of 
other unselected groups in various sections of the country. 
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L'APTITUDE MUSICALE DES ENFANTS MONTAGNARDS D’EAST 

TENNESSEE 

(Resum6) 

Les montagnards des Appalachians du Sud sont uniques A I’egaid de leur 
capacit6 A preserver oralcment les romances de la mire patric de giniia- 
tion en generation. Pour itudicr cette capacity et pour mesurer I’aptitude 
musicale en jeu on a fait subir le Test Seashoie d/Aptitude Musicale A 465 
Rollers des “giades” V-VIII des ecoles montngnardes d'East Tennessee, 
On ne petit dire A quel degrd le test Seashore mesure I’aptitude mnee ou A 
quel point le milieu Influence, mats les lgsult&ts offrent des donnics pour 
des comparaisons de la hauteur, dc 1’intensite, du temps, de la consonance, 
de la mcmone tonale, et chi rythme 

On a fait des comparaisons avec des groupes dan9 diverses sections du 
pays Les enfants montagnaids sembl^nt tin pen mfineuis mix standaids 
Seashoie dans la plupart des mesures et superieurs aux enfants en Cali¬ 
fornia, Texas, ct certaines sections d'lowa Les enfants ncgies de Texas 
sont inferieurs aux enfants montagnaids tandis que les nigics de la Caro¬ 
lina du Nord leui sont supitienrs Les enfants montagnards sont superieuis 
aux Indiens des icoles du gouveinement Dans tioi9 comparaisons dca 



376 


journal of genetic psychology 


enfants montagnards et d'nutrta groupea faitea avcc dca mesures adfequatcs 
de Constance, les enfants montagnaids gout sup^neurs cn deux et mfSrieurs 
dans l'autre Dnns quati e comparaisons snns mesuics de Constance, les 
enfants montagnards sont supGneurs en trois Quand on considere toutes 
lea comparisons, ll parait que les enfants montagnards comparent favorable- 
tnent avee d'nuties groupes dans l'aptitudc musicale comme la mesure le 
Test Seashore, 

Wheeler et Wheeler 


DIE MUSIKALISCIIE BEGABUNG DER KINDER DER GEBIRGE DES 
OSTLICHEN TEILES DES STAATES TENNEESSEE 
(Refcrat) 

Die Bergbewohner dcr sudlichen Appalachiancn sind in dcr Fnhigkeit 
ohne Gleichen, die alten Bnlladcn dcs emstigen Vatcrlandcs Generations 
hindurch mundHch Jebendig zu eihaltcn, Urn diese Pnhigkeit zu unter- 
auchcn, und um die darin nut einbegrificnc musikahsche Begabung zu 
messen, pruften die VerfassCr mit dem Senshoie Test dei musikahschen 
Begabung 46-5 Kinder aus der V-VIII Schulklassc m Schulen der Gebugc 
des ostlichcn Tennessee Wir sind nicht Jm Standc, zu sagen, bis zu wel- 
chem Guide der Seashore Test die nngeboiene Begabung messt, oder wle 
ataik die Teatleistungcn dnrch die TJmgebung beeinfiuast werden, abet* die 
Befunde hefern Daten, die Vergleichungen m Bezug auf Tonliohe, Tempo, 
Koiisonatu, Tongednchtms, und Rhythmus ermoglichen 
Es wurden Vergleichungen ausgefuhrt mit Gruppen aus versebtedenen 
Gegenden der Vereimgten Staaten, Die Gebngskinder fielen in Bezug auf 
die Mehrzahl der gemessenen musikahschen Tcilfahigkciten unter die Sea- 
&hore r schen Teatnormen, waren uber Kindern in Kalifoimcn, Texas, und 
gewissen Tcilen Iowaa uberlegen Negerkindcr in Texas stehen defer, 
ah die Gebirggkinder, wahrend Negerkmder aus North Carolina hoher zu 
stehen setmnen Die Gcbirg9kinder sind Indianerklndern aua den Regie- 
rungsschuien uberlegen, Ana diei Vergleichungen, in denen die Messungen 
genugende Zuverlassigkeitszahlcn liefeiten, zeigcn sich die Gebtrgskinder in 
zwei uberlegen und in cmer tiefeistehend, Aus vier Vergleichungen ohne 
Zuverlassigkeitszahlen [reliability measures] zeigten sich die Gebirgskinder 
in drei uberlegen Unter Beruckaichtigung aller Vergleichungen scheme es, 
dass Gebirgakmder anderen Grnppen in Bezug auf musikahsche Begabung, 
mit dem Seashore Test gemessen, im Allgememen uberlegen sind 

Wheeler, und Wheeler 



A STUDY IN THE PREDICTION OF MOTOR RHYTH¬ 
MIC PERFORMANCE OF SCHOOL CHILDREN* 


From the Iowa Child Wcl]ai e Research Stalion } The State Ujiivetsity of 

Iowa 


Harold M Williams 


One of the fundamental pioblems in the evaluation of tests which 
show a gain with increasing age is the measurement of their predic¬ 
tive efficiency The lesults of a repetition of the Slevers (8) motor 
lhythm test on 100 elementaly-school children aftei a 15-month inter¬ 
val are picscnted here as a picliminaiy contnbution to this problem 
in the field of tire musical abilities 1 

Results of Retest on Motor Rhythmic Performance 

The technique of the Sicvcis test foi motor rhythm was based on 
that of Seashore (6). In this test a mechanically pioduced pattern 
was lepeated continuously for a given numbei of times, the subject 
reproducing it simultaneously. A graphic lecord of performance 
was obtained. Sievcis’ modification consisted m the use of a series 
of patterns giaded in difficulty, The score was the summation of 
points earned by the child in a series of trials of predetermined 
length, score points being allowed only for i espouses falling within a 
fixed margin of error. Sievcrs used five patterns as follows. 

jjjj, j« r j 

These were given twice in double fatigue order for the complete 
test Ten consecutive repetitions of the pattern were counted for 
each trial Under these conditions the test was adequate foi a 
range of ability from that of the foui-yeai-old child to that of 
the university music student The predicted reliability for the com¬ 
plete test was .911 over the age range of six to twelve yeais. 

•Recommended by George D Stoddnid, accepted for publication by Carl 
Murchison of the Editorial Boaid, and icceived in the Editorial Office, 
December 5, 1932 

These children weie made available for retest through the courtesy of 
those in charge of the St Patrick's School of Iowa City, Iowa, to whom 
grateful acknowledgment is heieby made 

377 
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In the retest the piocedure of Sieveis was lcpeatcd as exactly as 
was possible within the administrative necessities. The general 
physical conditions and the instructions weie the same A similar 
forc'cxercise was given in each test. The same lesponse key was 
used [the rhythm hammer as previously described (8)] A countei 
device was used to record the score, This yielded results which are 
identical with the cumulative method of scoring used by Sievers when 
the maigm of error allowed is the same The maigin of enor was 
rb.05 second in both tests Four of the sequence of patterns finally 

recommended by Sievers (Patterns 1, JJJJ; 3, J J «T3', SiJ.gfJJ; 
and 7 ; <nJ33) were used in the retest. 

The following minor changes iveie made. Since previous woik 
had shown that the auditory cue was the critical one m the stimulus, 
the patterns weie sounded out by a small electiomagnet placed betoie 
the child and the visual cue given by the Hollenth countei was 
omitted As a check on the flexibility possible in the test, one new 
pattern consisting of a simple equal periodicity of 067 second 

(J J J J) Was substituted for Sievcis’ Pattern 2 (JHJ). 

When the scoie in tins test is iccorded by the counter method, it 
is possible to achieve a ceitain score by random tapping. A cor- 
lection for chance success may be calculated by making two assump¬ 
tions: (1) that m random tapping the strokes tend to distribute 
themselves equally over the whole circumfeience of the drum, and 
(2) that a ceitam maximum rate of tapping is maintained. The 
second assumption is necessary because the slower the tapping the 
smaller will be the chance score, On the basis of these assumptions 
the coirection is made by subtracting from the child’s score a con- 

L 

stant determined by the formula T —(Tx—) (T is the total 

C 

possible score, L is the total length of metallic contacts in a given 
pattern, and C is the ciicuinference of the drum ) In oui observa¬ 
tion ncithei of the assumptions was adequately realized in the test 
situation The first assumption lequires a long sample to attain 
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stability On the whole, the children who failed did not tap as 
rapidly as the full collection demanded An empirical check 
showed that the formula oveicollected m many cases The scores 
used for computation in both the test and retest were, therefoic, the 
uncoirected values 

Since the time allowed for the ictest did not peimit of lepeatmg 
the sequence in the double fatigue older, only the series in ascending 
ordei of difficulty was used The scoies from the compaiable part 
of the Sieveis data weie used for the first test scoies The relia¬ 
bility of one-half of the Sicvers test, as deteimined by the correlation 
between halves, was appioximatcly .85 

The data for this study, therefoie, consist of the summed scores 
on (1) the onginal Sieveis series, (2) the complete ictest senes, and 
(3) the foui patterns common to both senes The total possible 
scoies were. Sieveis ongmal series, 210; complete retest series, 190, 
series common to both, 170 Comparisons aic made on both the 
identical senes and the dissimilai senes 

The age and giade distribution of the childicn at the time of the 
original test aie shown in Table 1 (age six representing the lange 


TABLE 1 


Total 

Age 

6 

7 

S 

9 

10 

11 

12 


N 

12 

4 

15 

t7 

24 

19 

9 

100 

Grade 

1 

2 

3 

4 

5 

6 

7 


N 

9 

9 

9 

17 

20 

19 

17 

100 


from five and onc-half to six and one-half yeais, and so on). The 
retest gioup was limited to those childien who had made normal 
school piogiess duung the yean The distribution of scores on the 
identical series is given in Table 2 The distribution of scores on 
the dissimilar series is given in Table 3 

It will be seen hom Tables 1, 2, and 3(1) that there was a wide 
lange of scoies on each test at each age level; (2) that the mean 
values increased with age ovei this lange, (3) that theie was a 
tendency foi age ditfeiences in score to decrease with age; and (4) 
that theie was an incicasc in mean law scoies ovei the 15-month 
peiiod, this gain being gicatest at the lowci age levels 

The predictive power of the test was evaluated in seveial ways. 
Correlations weic computed foi the total gioup foi both the identical 
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TABLE 2 


Age at 
first test 

N 

Sievers test 
M a 

Range 

M 

Retest 

cr 

Range 

6- 8 

31 

32 8 

25 6 

7- 97 

45.6 

164 

18- 98 

MO 

41 

60,9 

36,3 

7-134 

67.7 

23.3 

31-138 

1H2 

28 

817 

40 5 

6-136 

81 1 

26 8 

30-14$ 

Total group 

100 

58 5 

40 9 

6-136 

66 9 

27 5 

*8-145 

Grade at 

first test 

N 

M 

(T 

Range 

M 

cr 

Range 

1-3 

27 

31.2 

23,3 

7- &l 

42 7 

12.6 

18- 80 

4-5 

37 

57 8 

40,3 

7-134 

72 5 

241 

31-138 

6-7 

36 

80 0 

414 

6-136 

83 2 

27 1 

30-145 

Total group 

too 

58 5 

40,9 

6-136 

66.9 

27.5 

18-145 


TABLE 3 


Age at 
first test 

N 

Sievers test 
M ir 

Range 

M 

Retest 

<r 

Range 

6-8 

31 

50 8 

26 5 

8-147 

52.2 

11 4 

21-100 

9-10 

41 

91 1 

50 5 

7-183 

81 6 

19 5 

35-151 

11-12 

28 

116 9 

52 8 

9-186 

92 7 

27.5 

32-161 

Total group 

100 

84 8 

55 1 

7-186 

75.0 

29 7 

01*161 

Grade at 

first test 

N 

M 

cr 

Range 

M 

cr 

Range 

1-3 

27 

49 4 

34.3 

8-147 

49 0 

15,6 

31- 69 

4-5 

37 

86 1 

561 

7-183 

80.8 

25 3 

35-151 

6-7 

36 

109 0 

55 1 

9-186 

88 5 

29 5 

32-161 

Total group 

100 

8+8 

55 1 

7-186 

75.0 

29.7 

21-161 


and dissimilar series. To eliminate as far as possible the effect of 
age on the correlations, similai computations were made for the thice 
age and grade subgroups. As a fuither check the partial-correlation 
technique was used with the whole group, the Sievers test being 
designated by the subscript 1, the retest by 2, and chronological 
age by 3. The raw correlations between the test and retest (r ia ) 
for the identical series are given in Table 4. The raw corielations 
for the dissimilar series were as shown in Table 5. 
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TABLE 4 




ru 

PE r 

N 

Total group 


.742 

.030 

100 

Ages 

6- 8 

.731 

.055 

32 

Ages 

9-10 

,719 

(H9 

40 

Ages 

10-11 

.683 

068 

28 

Grades 

1- 3 

.889 

026 

28 

Grades 

4- 5 

704 

056 

37 

Grades 

6- 7 

761 

046 

35 


TABLE 

5 





Ha 

PE., 

N 

Total group 


707 

033 

100 

Ages 

6- S 

402 

102 

31 

Ages 

9-10 

632 

063 

41 

Ages 

10-11 

743 

058 

28 

Grades 

1- 3 

497 

,094 

27 

Grades 

4- 5 

633 

066 

37 

Grades 

6- 7 

688 

055 

36 


In the partial-correlation analysis the coefficients given in Table 
6 were obtained from the identical series. The correlation between 
initial scores and gains in the identical series was .728±.032. In 
the dissimilar senes the coefficients were as shown in Table 7. 


TABLE 6 


ru 

742 

r« 

.306 

rn 

483 

Tia a 

713 


TABLE 7 


r» 

707 

r« 

486 

fa 

.528 

ru b 

.60 6 


The following conclusions arc drawn fiom the data presented: 
(1) The reliability (piedictive power) of this test when lCpeated 
after a 15-month interval on 100 children langing in age from six 
to thirteen years was .74, as compared with a reliability of 85 at 
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a single sitting. The use of the more reliable complete form of the 
test would piobably have lcsulted in a still better prediction. (2) 
In general, the coefficients for the identical scries weiu higher than 
those for the dissimilar series, suggesting that the highest piediction 
can be obtained only with a caiefully standardized procedure (3) 
Eliminating the influence of heterogeneity in age reduced the cor¬ 
relations only slightly in the identical series. There is a suggestion 
that the effect of age heterogeneity is gieater in the dissimilar series. 

Historically, the present test procedure belongs in the sequence 
of studies by Sears (5), Revesz (4), Prager (3), Vance and Grand- 
prey (7), Seashore (6), Nielsen (2), Henderson (1), Williams 
(8), and Sievers (8) on regulated motor rhythm Following the 
plan of the last two authors named, a scoring system was employed 
in which the attempt was made to combine two types of criteria 
used by preceding investigations into a single figure. The two types 
of criteria wcie the level of complexity of rhythmic pattern reached 
by the child and the accuracy with which he was able to tap these 
rhythms This was done by cumulating the accuracy scores over a 
sequence of patterns varied in difficulty. In the writer's opinion this 
method gives one, but by no means the only, significant general 
index of accomplishment in rhythmic control At present this and 
all other measures are in particular need of validation against per¬ 
formance in functional musical situations 

The particular evidence sought for in the present study was the 
degree to which this type of test is capable of predicting the future 
peiformance of children under normally stable conditions Within 
the limits of the experiment, the test results indicate only a moderate 
falling-off in reliability over a 15-month interval when identical test 
elements were used The need for further study over longer periods 
of time is obvious. Results from consecutive mcasuiements on the 
same children in this study agiee with the results of Sieveis (8) and 
Seashore (6) from group comparisons indicating a growth in scoie 
with age They paiallel also the results of Sieveis in showing a 
negative acceleration in raw score gains at the upper range of ages 
considered. In both respects the findings of this study agree with 
the group results of Sears (5) and Pragei (3), although in those 
two studies the criteiion was the level of complexity reached by the 
child. 
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New Apparatus for Trsis of ]\Iotor Riiyiixm 

The usctulness of a sequence of patterns foi testing motoi ihythmic 
pcifoimance ovci a wide age lange has been pointed out by Sieve is 
(8) A device which a\ ill peimit of the lapid picsentation of a 
wide vaucty of ihythmic patterns may also be ot value in many othci 
types of studies, foi example, m studies of tiansfei of ti tuning in 
this motoi function and so on The chief i equipments in appaiatus 
aie piccision, flexibility, and lapid scoung Two new types of ap¬ 
paiatus fulfilling in pait, at least, these icquucmcnts aie dcsciibcd 
heie The fitst is a modification ot the Scashoic (6) motoi lhuhm 
appaiatus with countci scoung, the second an adaptation of his 
giaphic method allowing foi a lapid change of pattern Both devices 
aie designed so as to use as fai as possible standard lahoiatoiy units 
The countci appaiatus lequues only the pattern dium as <i special 



Tin Faicnucu Circuit 

1 —gioimd, 2 —stimulus, ?—stimulus tmilitl, /—iespouse contact, 5—im¬ 
pulse countci, 6 —sclcctoi snitch, 7 —icl.n solenoid , S —ttla\ meant 
hrcakci , P—suhjoct's he\ , 10 —expei imenlei’s switch 





FIGURE lti 

"Jin P\it i rn Drum \nd Urusihs 


unit The giaphic device calls foi a special pattern disc and die 
Scashoic pen iccoidei 2 

The device used in tins study adopted the countci method of scoi- 


“Obt'uned fiom C II Stocliingi Chicago, Illinois 
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ing, the pattern being varied by a set of switches The electncal 
circuit and the finished pattern plate aie shown in Figure 1. The 
pattern plate consists of a built-up walnut drum inches high 
and 12 inches in diametei, At the center a metal bushing fits 
accuiately on the motor shaft furnishing the ground return connec¬ 
tion through the motoi. The bottom of the dium is slightly hol¬ 
lowed to accommodate the wiring Around the periphery are inlaid 
eight biass response contacts. One of these is used as a base and 
the othei contacts are located the following degrees fiom it, count¬ 
ing counterclockwise* 90, 120, 135, 180, 240, 270, and 300 degrees, 
The contacts are as shown in Figure IB. Vanous margins of 
error of ±.05, 04, .03, and 02 seconds are etched on the surface. 
A brass standaid scicwed to the phonograph fiame carries a phos¬ 
phor-bronze double-spring contact in a slot and a sct-scicw arrange¬ 
ment which permits making contact at any desired error value 

The stimulus contacts are metal pins insulated from the response 
contacts, and set sufficiently in advance from the centeis of the re¬ 
sponse contacts to allow for magnet latencies The stimulus circuit 
is completed by a separate insulated spnng on the standaid. This 
arrangement makes it possible for each contact unit to be completely 
eliminated fiom the circuit by a single three-point switch In the 
apparatus of Figure IB seven small knife switches weie used, one 
for each variable contact These were mounted compactly on the 
top of the drum The method requires that the experimenter switch 
the response key in and out for a predetermined numbei of revolu¬ 
tions By this arrangement well over thirty common musical pat¬ 
terns in various combinations of double and tuple tune may be 
employed by merely closing the proper group of switches The 
limits of accuracy allowed for a successful scoie point vaiy from ± 02 
second to ±.05 second by setting of the brush contact Suitable ar¬ 
rangements of spring stiength and damping (with felt strips) render 
this part of the apparatus quite inaudible. 

For a counter the Cenco impulse counter 8 is very rapid and effi¬ 
cient. No zero setting is lequiied as the cumulative score can be 
recorded in terms of the figures at the beginning and the end of a 
trial, A standard telegiaph relay, arranged so that the movement 
of the armature breaks the countci circuit when the response key is 
depressed, forms a satisfactory relay Its use has already been 
described by Seashore (6). 


Manufactured by Central Scientific Company, Chicago, Illinois 
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The response key may be a telegraph key or the Williams (8) 
rhythm lummei, elsewhere descubed It is advisable to inclose the 
countei and lelay in a sound-proof box. The advantages of the 
apparatus are lelative economy in cost, the rapid change of stimulus 
pattern, and the time economy of the counter method of scoring 
Its limitations are (1) a preananged number of revolutions per 
trial must be completed by the subject, (2) the experimenter must 
switch these in and out at the propci time, and (3) the data are not 
analytical. 

Where it is desired to record the i espouses in detail, a special plate 
has been designed. This is a 12 5-inch heavy metal disc fitting on 
the phonograph turntable On the outer one-half inch of the plate 
stimulus pegs aie fastened with screw bolts and stops so that the 
points foi a given pattern may be swung outward to close the circuit 
with the usual spnng contact, all other points can be swung inward 
parallel with the outer edge of the plate. The recoid papei is placed 
on the disc, and the whole clamped down with a screw inseitcd in 
the motor shaft. The Seashore pen response device completes the 
necessary special appaiatus It is possible to increase further the 
flexibility of this apparatus by inserting the stimulus point supports 
in slots concentric with the periphery of the disc This makes pos¬ 
sible studies of the response to aesthetic variations in the temporal 
relations of rhythmic patterns, In the writer's opinion this is the 
best apparatus at present fiom the point of view of simplicity of 
operation and completeness of the record. 
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une Etude de la prediction de l j ex£cution motrice 

RYTIIMIQUE DES fiCOLIERS 
(Risumi) 

Cent icoliers de l'ecole ilimentanc, clgis de six h douze ans, ont subi de 
nouveau le test du rythme motcui de Sievers apres un inteivalle de quinze 
mois Ce test mesure lit precision nvec JaquelJe on frappe une serle de 
petits coups en formes rytlimiques avec une reproduction simultanie Un 
risultat eumulatif, bas6 sur le nombre des coups qui tombent dans unc 
limitc fixe d'erreuis dans un nombre fixe de i£pititions, est le entire, 
Dans le nouveau teat on n J a employ^ chaque forme qu’une fois, au lieu de 
I’cmployei deux fois en ordre de fatigue double comme dans le test enticr. 
On a ajouti aussi line foime nouvelle, ce qui a rendu possible la comparai- 
son des resultats avee line sine identiquc et une sine dissemblable. On 
a obtenu les risultats suivants (1) Les diffeiences mdividuelles ont iti tria 
marquics dans les risultats (2) Les comparaisous entre les groupcs et 
cellea entre le premieia tests et les seconds tests ont montii un accioisse- 
ment du risultat brut avec l’age, la courbe d’accroisscment suggirnnt une 
acceleration negative (3) Tandis que la Constance du test a eti de 0,85 
la picmiirc fois, la Constance apris un intervalle de quinze mois a dte de 
0,742 dans la serie identiquc et de 0,707 dans la sine dissemblable, (4) 
L'analyse partielle des correlations a inontri peu de dicroissement de ces 
valeurs dfl h J’hitiroginiiti de l'agc, On conclut qn’une repetition qui em- 
ploie des elements identiques dans la forme complete du test devrmt montrer 
une persistance aasez piononci9 des differences individuelles On decrit des 
apparcils nouyeaux qui ont faciliti ^administration du test 

Williams 


EINE UNTERSUCHUNG DER VORAUSSAGBARICEIT MOTORISCH- 
RHYTHMISCHER FAHIGICEIT BEI SCHULICINDERN 
(Refcrat) 

Hundert Elemcntarschulkinder, von aechs bis zwolf Jahre alt, wurden 
nach Verlauf von 15 Monaten mit dem Sicvcr'schen Test zur Prufung 
des motonschcn Rhythmus [Sievcrs’ tcst of motor rhythm] zum zweiten 
Mai gepruft Mit diesem Test wird die Genamglceit gepiuft, mit dci cine 
Serie rhythmischer Gestaltungen [rhythmic patterns] bei simultaner Dar- 
stellung (production) durch Klopfen markiert wird [is tapped in simul- 
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taneous reproduction] Als Kritenum dient erne angchaufte Zahl 
[cumulative score], die aui die Zahd dei mncrhalb emei bestimmten Fehjer- 
grosse [margin of error] bei emer bestimmten Frequent dei Wiederholungen 
licgenden Klopfungen [taps] basiert ist Bei der Wiederprufung wurdq 
jede Gestalt bloss einmal veiwendct, anstatt zweimal in einer Anoidnung, 
welche die Ermudung veidoppcltc [double fatigue order], wie bei dem 
vollstandigen Test Es wurde auch erne neue Gestalt hinzugefugt, welche 
die Vcrglcichung dcr an einer “idcntischen” mit den an emer “nicht- 
ahnliclicn' 1 [dissimilai] Serie cihaltenen Zahlen eimoglichte, Es wurden 
folgende Rcsultate ermittelt, (1) Die Untersclnede zwischen den duich 
■verschiedene Yersuchspeisonen emeltcn Zahlen waren stark ausgepragt 
(2) Verglcichungen sowohl zwischen veischicdenen Gruppen wie auch 
zwiachen dcr ui sprung! ichcn Prufung und dei Wiedcrpiufung offenbarten 
erne mit 2 unehmendem Alter einhergehende Zimahme der crzielten abso¬ 
lutely Zahl [raw score], wobei die Gewmnskurvc [curve of gam] auf 
negativ Bcschleumgung [negative acceleration] hiiwies (3) Wdhrend die 
ZuverlassigkeitS 2 iffcr [leliability] dcs Tests mit einer Sitzung 85 betrug, 
betrug sie nacli Veil auf von 15 Monaten in den identischen Serien 742 und 
in den meht-ahnbehen Senen 707 Eine Analyse mit Teilkorrelatmnen wies 
auf nur genngc Abnahmc dieser Zahlen in Folgc der Altersverachieden- 
helten hm Es wird die Schlussfolgeiung gezogen, dasg erne Wiedeiholung 
unter Veiwendung identischer Elcmente in der vollendenten Form des 
Tests erne betrachthche Behaming der individuellen Unterschiede offen- 
baren durfte Em neues Apparat zur Erleichterung dei Ausfuhrung dea 
Testa wird beschrieben 


WILLIAMS 



A STUDY OF THE RELATION OF AGE INTERVAL TO 
DEGREE OF RESEMBLANCE OF SIBLINGS 
IN INTELLIGENCE* 1 

From the College of Education and Institute of Child Welfare, University 

of Minnesota 


F H. Finch 


Introduction 

1. The Problem The pioblem of this investigation is to deter¬ 
mine, within the limits to which it is possible at present to measure 
intelligence, whether the degree of resemblance in intelligence in pairs 
of children born to the same parents is related to the interval of time 
separating the birth of the children It seems reasonable to assume 
that there are, on the average, more differences in the home conditions 
and experiences in general of siblings sepaiated in age by several 
years than of siblings separated by a shorter interval of time The 
question hcic to be considered is whether such differences in sur¬ 
roundings affect the degree of resemblance of siblings to an extent 
that will be reflected m test lesults 
2 Related Studies Studies of family resemblance date fiom 
the classic work of Galton (3), and numerous papers on the subject 
have since come from the Galton Laboiatory. 

Pearson (15, 17) followed Galton with two papeis in which he 
reported the lesults of investigations based on data from sevcial 
thousand individuals Conelations for both physical and mental 
traits of siblings weie found to approximate .50 

Heron (7) has examined the lccoids of 331 families, from which 
he concluded that fraternal resemblance in insanity is expressed 
by coefficients ranging between 45 and 55. 

Schuster and Elder ton (18) published in 1907 a study of the 
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resemblance of the records of brothers found in the class lists 
of Oxford and in the school lists of Hanow and Charterhouse. 
The values of r as a measure of resemblance were ,405 and .398, 
respectively Pearson, in an appendix to the above paper, pointed out 
that these values are affected by the restricted range of the data, 
and suggested that the true value lies between .5 and .6. 

Pearson (16) found that when the members of 2801 pairs of 
siblings were classified by teachers into six categories representing 
different degrees of geneiai intelligence the coirelation measuring 
the resemblance was .515. This agices suiprisingly well with his 
earlier figure for resemblance of siblings m physical traits (15, 17). 

Gordon (4) reported the correlation between intelligence quo¬ 
tients for 216 pairs ot siblings (432 individuals) tested in a Cali¬ 
fornia orphanage as 61. These data have been reworked by Elderton 
(2) who found that far all possible pairs this value became .544 
when the results were corrected for variation in age at the time of 
testing. 

Hildreth (8) examined the degree of resemblance in intelligence 
of siblings from three sources. The composite group of 1028 pairs 
gave a coefficient of correlation of .68, which, when corrected for 
variation in age, became 419 She also reported a resemblance of 
23 among 78 pairs of sibs reared apart, which, when corrected 
for curtailed range, gave 495, 

Hart (6) examined the degree of resemblance in intelligence of 
sibs in three different school systems. Coefficients for the three 
groups were .477rt.034, .459± 066, and 399± 057. 

1 Jones (10) reported a coefficient of resemblance of .49 for 828 
pairs of siblings from families representative of a rural New England 
community. He employed the Stanford Revision below age 14, 
and Army Alpha above that age, and combined the results by con¬ 
verting into sigma indices. 

Willoughby (25) administered a battery of verbal and non-verbal 
tests to 141 families The average coefficient of sibling resemblance 
for 11 tests was .43. 

Thorndike (23) reported coefficients of resemblance of .40 026, 

66± 018, and 73 (N—823) for groups of siblings attending high 
schools. Tiie subjects were tested with the LE,R. tests, which have 
a relatively high reliability. From this, after correcting for at- 
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tenuation in the test results and allowing for selection among the 
subjects, Thorndike estimates the resemblance to be 60 

While there appears some disagreement among the findings of 
these investigators, probably due in large measure to diffeient degrees 
of selection in data fiom vzutous sources, and to the use of test results 
of varying reliability, it seems reasonable to consider the coefficient 
of sibling resemblance in both physical and mental characters to be 
near .50, or perhaps slightly higher. 

Investigations beaung diiectly on the relation between sibling 
resemblance and age inteival are few in number and, as will be seen 
from the following, much less conclusive than those dealing with 
sibling resemblance in general. 

The two earlier papers, those by Starch (20) and Gnffitts (5), 
compare lcscmblance of adjacent and non-adjaccnt siblings in school 
achievement as measured by teachers' maiks Staich, using a com¬ 
posite of marks for one year, found the resemblance, expressed in 
terms of rank correlation, to be as follows. 



P 

N 

First and second child 

58 

63 

Second nnd thud child 

64 

24 

First and third child 

3+ 

24 


Griflitts' investigation is similar in nature, but is based on more 
extensive data, including teachers' marks for childicn from 657 
families. The median of all marks given a child during a three- 
year period has been employed as a measuie of achievement The 
following correlations are given as measuies of resemblance: 



r 

N 

First and second child 

,3S4 

657 

Second and thud child 

332 

226 

Thud and fourth child 

300 

89 

Fourth and fifth child 

270 

29 

First and third child 

279 

226 

Second and fourth child 

293 

89 

Third and fifth child 

690 

29 

First and fouith child 

208 

89 

Second and fifth child 

640 

29 

First and fifth child 

,510 

29 


It will be noted that the high values for widely separated pairs 
are based on very small numbers, and it is apparently the opinion 
of the author that the actual resemblance foi non-adjacent pairs is 
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the smaller. However, if one takes into consideration the fact 
that, for the two members of pairs farthest apart, marks were prob¬ 
ably given undeT conditions least alike, there is obviously no evidence 
adequate for any very definite conclusions. 

There are also two published studies employing intelligence test 
results that must be considered. Tallman (22), in her study of 
twins, incidentally mentioned the fact that among 199 childien (not 
twins) from 72 families tested with the Stanfoid Revison of the 
Bmet scale she observed in all possible pairs of siblings an average 
IQ difference amounting to 13.14± 709, wheieas the aveiage differ¬ 
ence for the 64 pairs less than two years apart in age was 11.96Hz 
963. No correction was made for the variation in age at the 
time the tests weie given Jones and Hsiao (11), in their investi¬ 
gation of the relation of birth ordei to intelligence, found the mean 
supeiionty of younger over older sibs to be 010 cr for 330 adjacent 
pairs, compared with a superiority of .055 o' for 284 non-adjacent 
pairs. For the same data the median difference was 035 a m 
favor of the older among the adjacent, and .058 cr in favor of the 
younger among the non-adjaccnt pairs. 

The one exhaustive study of the relation of age difference to 
sibling resemblance is found in the work of Stocks (21) in which he 
examined resemblance in ten physical and phj r siological characteris¬ 
tics. As the subjects ranged from 3 to 15 years in age at the time 
of measurement, corrections for age were made m all cases. In the 
aggregate of the ten characters the results were as shown in Table 1. 


TABLE 1 


Age diff. in months-^ 


9 to 33 

33 to 69 

69 to 129 

Opposite sexed pairs 

N 

716 

S99 

349 



,9232 ±.0258 

8 69 5± .02+2 

9155±.0+07 

Like sexed pairs 

N 

62+ 

S07 

306 



S+92± 03S+ 

*S881 db 0261 

8+13± 0505 


For the characters in question, the author is obviously justified in 
his conclusion that "theie is no definite evidence that the interval 
between births has any influence on degree of resemblance . . . n 

C p. 107). 

The Data 

The data for the present study consist of intelligence test records 
for 1023 pairs of native-born white siblings coming from 614 families, 






RESEMBLANCE OF SIBLINGS IN INTELLIGENCE 


393 


and including 1401 individuals (See Table 2) These data, ob¬ 
tained from three sources, (1) Univeisity High School, University of 
Minnesota, (2) Mason and Grant public elementaly schools, St 
Louis, Missouri, and (3) the Special Class Offices of the public 
schools of St Paul, Minnesota, furnish samples of superior, average, 
and inferior test ability, respectively (See Table 3 ) 

The University High School group includes 359 pans from 239 

TABLE 2 

Distribution of Siblings ijy Families* 

No of cases 

No of 

No of 

No of 

from family 

families 

pans 

cases 


T otal data 


6 

4 

60 

24 

5 

7 

70 

35 

4 

24 

142 

96 

3 

88 

260 

264 

2 

491 

491 

982 

Totals 

614 

1023 

1401 


University High School data 


5 

1 

10 

5 

4 

9 

54 

36 

3 

33 

99 

99 

2 

196 

196 

3 92 

Totals 

239 

359 

532 


57. Louis data 


4 

4 

24 

16 

3 

17 

50f 

51 

2 

125 

125 

250 

Totals 

146 

199 

317 


St 

Paul data 


6 

4 

60 

24 

5 

6 

60 

30 

4 

11 

64* 

44 

3 

38 

111§ 

114 

2 

170 

170 

340 

Totals 

229 

465 

552 


*It should be noted that numbei of cases from a family means only the 
number of cases for which usable recoids weie nvailable, and not total 
family 

fOnc twin pair excluded* 

*Two twin pairs excluded 
§Three twin pans excluded 
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TABLE 3 

INTEI LICENCE OF SIBLINGS 




Mean 

PE, of 
Max 

mean 

Mm 

cr 

N 

U High 

Olclci sib 

117 6 

55 

47 

13 15 

359 

data 

Younger sib 

118.0 

47 

.43 

12 00 

359 

St, Louis 

Older sth 

98 6 

.70 

61 

12 75 

199 

data 

Younger sib 

103.8 

75 

.66 

13,75 

199 

St. Paul 

Older sib 

76 S 

41 

,33 

10 90 

465 

data 

Younger sib 

81 9 

43 

H 

10.50 

465 


families, and is made up of 532 individuals Of these, the members 
of 278 pairs were tested with five gioup tests, (1) Army Alpha, 
Form 8, (2) Pressey Semoi Classification, (3) Haggeity Delta 
2, (4) Terman Gioup Test of Mental Ability, Form A, and (5) 
Miller Mental Ability Test, Form A Intelligence quotients were 
computed for each individual fiom the results of each group test, 
according to the instructions furnished in the authois 1 manuals ac¬ 
companying the various tests. The quotients from those tests other 
than the Terman were next converted to the equivalent of Tetman 
Group intelligence quotients by the method employed by Miller 
(14). Of the five values thus obtained foi each individual, the 
median has been taken as the best available measure. The remaining 
81 paiis were made up of cases tested with the Stanford Revision 
of the Binet Scale 

The University High School data have been drawn from the rec¬ 
ords of children entering the school between 1919 and 1932, inclu¬ 
sive. Stanford-Binet records were available for most of those 
entering prior to 1924, and group test records for those who came 
later than 1921. All cases were tested within a few months of 
their entrance to the school Thus the age at which children were 
tested does not vary greatly. There is a slight tendency, howevei, 
for younger children of a family to be tested at an eailier age than 
that at which their older brothers and sisteis weic tested This is 
due to two factors l (1) Since 1928, approximately half of the 
children enteiing Univeisity High School have been admitted to the 
seventh and eighth grades, whcieas prior to 1928 no child came into 
the school below the ninth grade, and (2) in some cases two or even 
thiee children from one family enter the school at the same time, 
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each being taken into the appropiiate grade Thus, of the siblings 
tested with the Stanfoid-Binet, the mean age at time of test was 
15 7 yeais for those paired as oldei, and 15 2 for those paned as 
younger, of those given the group tests, the mean age at time of 
test was 14 4 yeais foi those paired as older, and 14 0 years for those 
paired as younger. No correction has been made foi any erroi pro¬ 
duced by con elation between chionological age and intelligence quo¬ 
tient as obtained fiom the tests employed 

Recoids of University High School make it possible to verify sib- 
ship by checking father’s name, mother’s name, and home address of 
the family Age records are obtained fiom the home when applica¬ 
tion foi admission is made, and again fiom the child when tests aie 
given. Any inconsistency is cleaicd up before the intelligence quo¬ 
tient is computed. 

The cases involved in the St Louis data weie tested shoitly before 
the completion of theii eighth-grade woik, and weie theiefore more 
neaily uniform in age at test than weie the cases fiom University 
High School The lest employed was the Teiman Gioup Test of 
Mental Ability. All eighth-giadc classes of the Mason and Grant 
schools fiom May, 1926, to December, 1931, inclusive, were tested 
Family gioups weie selected fiom the iccoids by use of father’s 
name and home address, and then submitted to the pnncipal and two 
teachers, who eliminated half-sibs, as well as any other cases errone¬ 
ously included 

The St Paul cases were drawn fiom the records of childicn 
tested at the recommendation of public-school principals to determine 
whether they should be placed in special classes The St. Paul 
special classes take children below IQ 80 The test used was Kuhl- 
mann’s Revision of the Binet scale. Test record forms provide 
name of both father and mother, together with home addiess. These 
data were supplemented by infoimation contained in a social woiker’s 
leport available foi each family included. 

Age at test, for cases in the Special Class Office lecoids, instead of 
being appioximatelv equal for the older and younger sibs, as was 
true for die two groups first described, depended only upon the age 
at which the principal bi ought the case to the attention of the Special 
Class Supervisor. The data employed include only cases tested 
between the ages of 8 and 14 yeais, inclusive These limits were 
chosen after a study of 292 cases tested with the Kuhlmann Revi- 
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sion, and appaiently selected at lfindom, levelled no coirelation be¬ 
tween CA and IQ for this age langc 

Data fiom St Paul do not go back to the eailiest tests given by 
the Special Clas>s Office, Few cases tested befoie 1924 were in¬ 
cluded, as eailier rccoids were not such as made it readily possible 
to verify sibsiup. 

Selective factors determining whether or not a given pan of sib¬ 
lings in the population will be included in the samples are quite 
complex. 

Families sending children to Univeisity High School aveiage quite 
high in occupational status. There is piobably little selection among 
the children of families represented, as almost none of the children 
from this group fail to enter high school. 

The St Louis data came from two districts that are best described 
as average in socio-economic status The population is unusually 
stable in each case Small homes, owned by the occupants, predomi¬ 
nate m the Mason district, while Giant-School pupils live mainly 
in two- or four-family buildings commonly owned by one of the 
occupants. Parochial schools draw children from both districts, but 
almost none go to other pnvatc schools 

The St. Paul data are from a widei range of families, the ma¬ 
jority being considerably below aveiage in the socio-economic scale. 
The most important factor favoring tile recording of data on a 
duld in the, Special Class, Office is. lew school achievement, but other 
factors no doubt play a part It is possible that when one member 
of a family is sent to a special class his siblings thereby have an 
increased chance of being tested 

It happens that almost every factoi affecting the data through 
selection would tend to cause to be included pairs having wide dif¬ 
ferences in both age and intelligence, rather than sibs much different 
in intelligence, but not far apait in age Foi example, an impoitant 
selective influence favoring the inclusion of pans widely different, 
with the younger superior, is introduced by including chiidien tested 
only at a given point in then progress through the school system. 
Thus if the older sib is retarded (and dull) in comparison with his 
youngei brothei 01 sister, he will be included even though the two are 
far apait in age, wheieas when the older progresses moie rapidly 
than the younger, one may escape being tested during the penod in 
which the data was selected, and the pan lost, The importance of 
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this influence is inversely related to the length of the peiiod over 
which the data are collected, and is theiefore seen most in the St 
Louis data. Furtheimoie, changing conditions in the schools con¬ 
cerned might magnify differences for children widely separated 
rather than those neai togethei in age. For example, (1) if during 
the yeais the percentage of dull childien leaving school befoie the 
point wheie tests were given decicased; (2) if coaching became in¬ 
creasingly pievalcnt, 01 (3) if administration and scoung of tests 
were not earned on in a unifoim manner thioughout the period (a 
succession of six examineis administered the Kuhlmann test), the 
cftect might appeal as an incieased diffeience as age inteival m- 
cieased. It is also probable that if any pairs that are not tiue 
siblings aie included, they will be among those farther apart in age 
Half-sibs, both wheie fatheis remarry (motheis remarriage should 
not confuse the lecords unless the child takes the name of the step- 
fathei) and where paternity extends outside the family, probably 
average farthei apait than do tiue siblings. 

Analysis of the Data 

Throughout this study the members of a family foi whom data 
were available were paired in every possible way Thus, in families 
furnishing two subjects, each enteied the pairing once, but when 
more than two subjects came from one family, each entered 
the pauing moie than one time Since the number of entiies pro¬ 
duced by this method exceeds the victual number of cases, application 
of the usual formulae foi probable errors or standard deviations do 
not give accurate values. 2 When it has been necessary to determine 
probable errors, the total numbei of entries has been employed to 
find a minimum value, and the actual number of cases, counting each 
individual once, to find a maximum value. 

To gain some evidence as to how the vauous groups compared 
in resemblance, the product-moment correlation foimula has been 
employed to calculate a coefficient of lcsemblance This was done 
in each group by entering the IQ of the older member of each pair 
on the x-axis, and the IQ of the youngei member on the y-axis The 
lesults arc picsented in Tabic 4. 

The low value of the sigmas for the St. Paul data suggests that the 


2 See Smith (19) and Burks (1) 



398 


JOURNAL Or GENETIC PSYCHOLOGY 


TABLE 4 



r 

Mm 

PE 

Max. 

PE. 



N 

U High data 

49 

027 

029 

13.15 

12 00 

359 

St Louta data 

49 

.036 

.041 

12,75 

13 75 

199 

St Paul data 

34 

026 

034 

10 50 

10 90 

465 


obtained correlation be collected for cuitailment of range befoie 
it is compared with the cone&ponding figures for the data from 
the other sources 3 

The product-moment formula was next employed to discover any 
possible relation existing between resemblance in intelligence of 
siblings and the time interval separating their birth For each gioup 
of data the IQ difference foi each pair lias been entered on the x- 
axis, and the age difference m months in the y-axis. 

The University High School data have been considered in two 
groups, the first including 278 pans tested with gioup tests, and 
the second made up of the remaining 81 pairs tested with the Stan¬ 
ford Revision These data have also been combined into a single 
gioup. Since the Tcrman Gioup Test had its nouns established by 
comparison with lesults obtained on the Stanford Revision, 1 this 
should introduce no seuous enor The St Louis data have been 
treated as a single gioup, and also in combination with the above. 
Furtheimore, 11 pairs for which the age difference was gieater than 
78 months weie eliminated (since they are affected to an extreme 
degree by the selective factoi alieady pointed out), and the coirela- 
tion for the remaining 188 pairs was computed, The St. Paul data, 
compusing a gioup of 465 pairs, were treated m a manner similar 
to that employed with the above gioups The lesults of the above 
analysis* given in Table 5, furnish no suggestion that siblings far 
apart in age show any less resemblance than those not so widely 
sepaiated 


“The formula by Kelley (12, 13) for estimating reliability in one range 
when it is known m another has been applied to make this cor lection. The 
normal value foi the standaid deviation of Kuhlmann IQ's employed here 
was 16 3, and comes from an unpublished study of 428 cases that appear 
to constitute a random sample of children fiom 6 to 15, which compares 
fanly well with the nge range of the present group Use of this figure 
gives a corrected r of ,71, Vern James’s foi mu la gives ,61 in this instance. 

*Sce Manual of Directions accompanying Terman Group Test 
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TABLE 5 

Relation detween IQ Difference and Age Interval of Siblings 
* & IQ difference 
y — Age difference in months 





Min 

PE 

Max 

PE 

M w 

M v 


°v 

N 

u 

High Group 

— 002 

.040 

044 

10 53 

41 28 

7 47 

24 60 

278 

u 

High S-D 

•— 057 

075 

.081 

10 80 

40 26 

9 00 

18,67 

81 

u 

High Total 

— 001 

036 

039 

10 $9 

41 04 

783 

23 70 

359 

St 

Loms 

+ 1C 

046 

,054 

11,97 

35 46 

8 19 

19,10 

1 99 

St 

Louis* 

— 006 

.049 

.055 

11 55 

32 34 

8 04 

15 78 

188 

u 

High and 

St Louis 

+ 003 

029 

032 

11 10 

39 06 

8 07 

22,74 

558 

St 

Paul 

+ .058 

032 

041 

1086 

43 20 

8,10 

25 56 

465 


*Less 11 pairs, the members of which are more than 78 months apart in 
age The younger members of these pairs average 14 7 points above the 
oldei in IQ 


While it does not appear that the foregoing could fail to bring to 
light any important relationship between the factors under considera¬ 
tion, a second mode of analysis has been employed. Each majoi 
group has been divided into four subgroups on the basis of age in¬ 
terval, The mean IQ difference for each subgroup is given in Table 
6 While there are slightly higher means for the wider age intervals 
in several cases, it will be seen from Table 7 that none of these 
differences meet the usual criterion for statistical significance. It 
is of some interest to note that the only consistent increase is in the 
St Louis data, wheie a selective factor favoring such a relationship 
has been most potent 

While the data available do not include birth order of the sub¬ 
jects, there is in Table 3 matenal that permits a comparison of the 
aveiage intelligence of the older and younger membeis of the family 
groups included The possible comparisons aie given in Table 8, 
The difference found in the University High data is too small to 
be given any weight alone, nevertheless, it is in the same direction 
as both the otheis. In the St. Louis data, the manner in which test 
records weie obtained, as has been pieviously indicated, strongly 
favors including pairs in which there exists a supcnority of the 
younger, The same factoi has been of influence m the University 
High School data, but not to the same extent, as the testing covered 
a much longer period. The St Paul data aie probably immune 
from this influence. Heic the factors that might play a pait are fai 
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TABLE 7 

A Comparison of the Mean IQ Differences of Groups of Siblings 
Separated by Various Age Intervals 
Mi —Mean IQ difference of pairs 12-23 months apart 
Mr— “ u r< tl li 24-35 " ff 

M^ " " " “ « 36-71 " “ 

Mi — u “ “ ,f “ 72 or more months apart 



D 

P E min. D/P.E mm 



U High data 




Mr-Mi 

04 

74 

05 



Mi —Mi 

01 

79 

01 



Mi— Mi 

— 52 

90 

57 



Ms—M a 

— 03 

77 

0+ 



Mi —Ma 

— 56 

88 

64 



M 4 — Ma 

— 53 

92 

53 




St Louis data 




Ma-Ml 

46 

87 

.52 



Ma—Ml 

1 54 

93 

1 66 



Mi —Ml 

6.22 

2,35 

2 65 



Ma-Ma 

1 08 

92 

1 17 



Mi—Ma 

5 67 

235 

2,41 



Mi—Ma 

4 68 

2 37 

1 97 



17 High and St Louts data combined 



Mj—Mi 

19 

51 

38 



Ma—Mi 

,47 

,54 

.87 



Mi—Mi 

1 46 

86 

1.70 



Mg-Ma 

28 

59 

47 



Mi—Ma 

127 

.89 

1.43 



Mi—Ma 

99 

.50 

1 98 




St Paul data 




Ms—Mi 

1 24 

69 

1.80 



Ma-Mi 

2.32 

62 

3 74 



Mi—Mt 

1 28 

83 

1 54 



Ma—M a 

108 

67 

1 61 



Mi—M 2 

04 

87 

.05 



Mi—Ms 

—1 04 

82 

1 27 




TABLE S 




DirrERENCES in Intelligence of 

Older and Younger 

Siblings 


A/i= 

=Menn IQ of older 




Mr 

=Mcan IQ 

of youngei 






PE 

D/P.E 

D/PE 



D 

Min Max 

Min. 

Max 

N 

U High data M/—Mi 

0 40 

64 72 

63 

56 

359 

St, Louis data Mi—Mi 

5 25 

90 1 00 

5 83 

5 25 

199 

St Paul data M*—Mi 

5 15 

47 59 

10 96 

8 73 

465 
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more complex, so that there is no cettain means of determining 
whether or not the observed difference in intelligence favoring the 
younger is due to the mannei in which the data are selected 

Conclusions 

The majoi conclusion fiom the lesults of the foregoing study, 
based on mental test data for rnoie than one thousand pans of sib¬ 
lings, separated by age intervals ranging up to eleven years, is that 
any relation between age inteival and lesemblance in intelligence is 
not of sufficient magnitude to be revealed by the methods employed. 

Among the two gioups of siblings that are piobably xepiesentative 
in degree of resemblance of sibs who have reached junior high 
school, the resemblance is expressed by a coirelation of .49 

It was also observed that in certain of the data theie was a slight 
superiority of younger ovei oldci siblings, within the family gioups 
that were available. It is of inteiest to note that, in the data most 
neaily fiee from known selective factors favoring the inclusion of 
pairs in which the younger is supeiior, no significant difference be¬ 
tween younger and older siblings exists. 
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UNE iLTUDE DE LA RELATION ENTRE L’INTERVALLE S^PARANT 
LES AGES ET LE DEGRE DE RESSEMBLANCE INTELLEC- 
TUELLE DES ENFANTS AYANT LES MEMES PARENTS 
(Resume) 

Lo problems cle I’enquctc, c'est tic determiner, dans lea limites dans lea- 
quelles l’inteIHgcnce eat meaur^e pai lea tests employes, si le degr£ de res- 
semblance intclJectuelle entre des pans d’enfanls n<*s aux metnea parents et 
Ibntervallc qui separe la naissance des enfants ont quelque relation Pun 
a p mi tie Le 9 donndes se composent des risultflts dc tests mentaux pour 
1023 paires d J enfants de race blanche, ncs aux mcmcs parents ct dans ce 
pays, faisant partie de 614 families, comprenant 1401 mdlvidus On a 
choisi les donn£es d'entie Uo\s etats socia-^conomiqucs, camprenant un 
groupe d J intelligence inf^rieure, un deuxieme d’intelligence moyenne, et un 
troisi£me d'intclligencc superieure Lea deux niembres de chaque paire ont 
subi le mcme test dans des conditions semblables dans tous les cas 

Pour chaque groupe de donnees la correlation entre l’intervalle s^parant 
les ages et la difference dvi QI s’est montr^e approximativement nulle La 
difference moyenne du QI pour lea paires benucoup s£pai6es au point de 
vue de I 1 age n l est pus plus grande (Tune fngon signifiantc que cellc poor 
lea paires non ainsi 9 epar£es Le degre de ressemblance entre les deux 
groupes ou les influences de selection ont ete de la moindre importance 
g’exprime par une correlation de 0*49, ce qui reasemble de pr£a aux r6aul- 
tats ohtenus dans les enquetes ant^ricuies On a remarquS que les jeunes 
enfants n^a aux memea parents se sort monti^a un peu sup^neura aux plus 
ag£s dans certaines donates. II n'cxiste nucune diffeicncc semblable dans 
les donnees qui ont subi lc moms des influences connues de selection 

Finch 

EINE UNTERSUCHUNG DER BEZIEHUNG DES ALTERS- 
ABSTANDES ZUM GRAD DER AlINLICHKEIT ZWISCIIEN 
GESCHWISTERN, IN BEZUG AUF INTELLIGENZ 
(Rcferat) 

Es war die Aufgabe der Unter sue hung, zu bestimmen, ob, innerhalb 
der Grenzen, zwisc-hen denen sich die Intelligent durch die hierzu venven- 
deten Tests mesaen iasst, eine Beziehung besteht zwischcn dem Grad der 
Ahnlichkeit, in Bezug auf Intelligenz, zwischen Panien von Kinder der 
selhen Eltern einerseits nnd dem Zeitabstand zwisehen den Geburten der 
Kinder anderseita Die Daten bestehen aus IntelhgenzprufungaprotokaUen 
von 1023 dngeborenen (Ameiikanischcn) weisaen Gegchwistcrpaaren aus 
614 FamlUen, 1401 Individuen cinschlieasend Die Paten stammen aus 
dret verschiedenen sozml-okonomischen Schichtcn und schlies9en eine med- 
rigere, cine mittelmasaige, und eine hochstehende Gruppe, in Bezug auf 
Intelligent, in slch ein Die beiden Mitgheder jedea Paares wurden in jedem 
Fall mit dem selben Test und unter ahnlichen Bedingungen gepruft 

In joder Protokollengruppe envtes sich die Korvclation zwischen den AL 
tersunterschieden und den Intelhgcnzunteischicden ala ungefahr Zero Der 
durchschnittliche Unterschied zwischen den Intelligenzquodenten ist bei 
Paaren mit grossem Altergnnterschied nicht bedeutend giosser ala bei 
Paaren, daren Mitgtieder einandcr in Bezug auf Alter nahe stehen Der 
Grad der Ahnlichkeit bei zivei Gruppen in denen auslesende Einwirkungen 
am wenigsten wichtig gewesen sind, lasst sich durch die Korrelationzahl 
.49 ausdrucken Dieser Befund geht mit den Befunden aua fruheren Unter- 
suchungcn eng parallel In einigen Befunden zeigte sich eine gennge 
ttberlegenheit der jungeren uber die altercn Geschwistcr Bei den Daten 
die am freisteji von erkatinten selektiven Einwirkungen vyaren zeigte sveh. 
kem Unterschied dieser Art 


Finch 



responses of boys between the ages of five 

AND SIXTEEN YEARS TO HULL'S POSTURAL 
SUGGESTION TEST* 1 

From the Department of Child IF cl fare, IF lute Plains, New York 


Ramona Mlsserschmidt 


Subjects ind Procedure 

Hull’s postural suggestion test (1) was run with 194 school boys 
fiom age 5 through 16 years. The subjects were within 6 months 
of the birthday for the following ages: 5, 6, 8, 10, 12, 14, and 16. 
There were from 25 to 32 boys for each of the 7 age gioups taken 
from the two Grcenburgh, the two Elmsfoid, and the Dobb’s Ferry 
Public Schools in New York State. Expenmcntalion was carried 
on at three diffeient sessions: in February of 1931, September of 
1931, and January of 1932. No subject was aware of the true 
nature of the test, and all were excluded who showed any timidity 
or apprehension in regard to the situation. 

The essentials of the method and apparatus employed have been 
described in some detail clscwhcic (1). Although the present in¬ 
vestigation adhcied as rigidly as possible to the procedure xiscd with 
adults, some modifications were necessary. By means of a vocabulary 
test of 30 woids given to 75 5-year-olds, words of the onginal direc¬ 
tions that were not understood by children of this age gioup were 
detected and appropriate synonyms substituted. By preliminary 
trials with 10 children at both the 5- and 10-year levels, it was noted 
that blindfolding provoked a mild fear response whereas the same 
subjects were willing enough to close their eyes and religiously keep 
them shut It was also discovered that some soit of introductory 
explanation was necessaiy partially to dissipate vague fears and to 
satisfy curjosity regarding the nature of the experiment 

At each school a vacant room was used. The apparatus was 


^Recommended by Claik L Hull and accepted for publication by Carl 
Mnrrhison of the Editorial Board 

2 Thc writer wishes to express hei gratitude to Professoi Claifc L. Hull 
for generous assistance in the design, formulation, and interpretation of 
this study. Professoi Gardner Murphy recommended a vocabulary te 9 t 
for the youngest children. 
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placed on a table and hidden from the boys by a cardboard screen. 
After each subject had entered and appicached an appropriate spot 
before the sciecn, he was given the following preliminary explana¬ 
tion "I am going to have you stand with your eyes closed fox a 
few minutes And I will tell you why Sonic boys go fiontward 
a little when they stand with their eyes closed, some go backward a 
little, and some stand very still. Now I want to see how you stand 
when your eyes me dosed You won’t mind, will you*” 1 Those boys 
who did not willingly agree at this point were excused Agreement 
obtained, the examiner continued “Now close your eyes and don’t 
open them till I tell you.” As each boy stood quietly erect, his eyes 
tightly shut, the experimenter stood before him and repeated in a 
quiet, confident tone* “You aie falling frontwaul. You can’t help 
yourself You are failing frontward. Farther fiontward. Front¬ 
ward, Fiontward. Farther yet You are falling frontward still 
more, More yet. More, More. More yet. Frontward, etc” 
A pause of two or three seconds was made at each period. Close 
watch was kept of the subject’s spontaneous tremors and, at each 
major forwaid movement, the expeumentei said, “There you come.” 
She then went on with the suggestion as described above. 

Without his knowledge, a pin with a tiny hook at its end was 
lightly caught into the fabric of the garment ovci the subject’s right 
shoulder To this pin was attached a thread which ran back about 

4 ft and over a simple, easy~running system of flanged aluminum 
pulleys. From this pulley system there was suspended by means 
of a second thread a small steel rod which moved in a vertical sleeve 
and to the lower end of which was attached a stylus The hori¬ 
zontal postural movements of the subject were traced by the stylus 
on the smoked paper of a kymograph as a veitically oscillating line, 
the oscillations in the tracing being reduced to one-third of their 
actual amplitude. One of these tracings, considerably reduced, is 
reproduced as Figure 1. 

The experimental piocedure involved running each S for 14 min¬ 
utes. In accord with the pieliminary explanation, there was a 2-nun 
interval, after starting the drum of the kymograph, during which the 

5 stood quietly. Verbal suggestion was then used for 4 min., fol¬ 
lowed by a 2-nun, quiet period, verbal suggestion for 4 min, and a 
final 2-min quiet period. 

The degree of suggestibility of any S may be measured by two 
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ciitena, the magnitude of the 1 espouse and the speed of the 1 espouse, 
the S being legaldetl the 11101 c suggestible, the gieatci the amplitude 
ot the ic&ponsc and the slioitei tlic time lcquncd to evoke it. 

Pi case quantitative tendencies to sway foiwaul 01 backward in 
response to the different forms of suggestion arc. lathci obscuicd by 
the swaying ticmois wluch me continuous and quite laigc in ail 
peuems, especially when standing with closed eyes. Tlus pioduces 
in the jccoiding of tJie pobtui.il movements an niegulai up-and-down 
tiacmg winch makes it difficult to measure the exact distance swayed 
foiwaid oi baclcwaid undci the influence of suggestion at any given 
time A middle line was, theicfoie, estimated through the ti.icings 
lecouleci duimg the fust 2 minute* to act as a convcnieni base line 
fiom which the foiwaid and backward swaying movements could 
be mcasuied To msutc accuracy, each ixcoul was lacked to a 
sti .light boa id of soft wood and a T-squaic used in di awing The 
different peuods were biought into ichet by di awing stiaigliL lines 
to sepaiate them. 

The mcLhod by winch the magnitude and speed of the suggestion 
response weie sccuietl may best be explained by lefcning to Figuic 
1. The upper line the time lecmd, a notch mat king the lapse of 
every 5-sccond penod. The second line shows tile foi waid-back waul 
postmal movements, the shaip peaks lepiescnting tiic maximum sug¬ 
gestion lespouse. The lowest line gives, by means of notches, the 
exact points at which tlic suggestive stimulation begins and ends. 
Aftci the lccoul had been shellacked, a perpendicular white line was 
diawn to set oft the difteicnt periods The exact point at which 
the fust suggestion stimulation begin* is m diked by A and where it 
ends hv Rj the second suggestion stimulation begins at A' and ends 
at B‘ Points lepiescnting the maximum suggestion iespouses aie in¬ 
dicated by the numbei 1 foi the hist suggestion penod and b)' the 
nuinbci 2 toi the second suggestion penod The amplitudes of the 
suggestion lespouses were measuied on the liacmgs in units of 1/50 
inch Since a tali pcison, foi a given amount of angular sway, will 
move farther at the level of hi* shouidcis than a shoit person, a col¬ 
lection need* to be made The founula given bv Hull is 

100J 

SA.I - 

H 

where S A J = suggestion amplitude index, 

J = iccoided amplitude of postural movement m units 
of 1/50 inch, 

II ~ standing height of subject in inches 
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The suggestion time is the distance between the point where the sug¬ 
gestion stimulation begrns, namely A and A\ and the point of 
maximum sway as leprcsented by 1 and 2. 

Many children responded so grossly that their reaction no longer 
recorded on the kymograph. These were accordingly termed 
maximum suggestion responses and given a numerical S.A.L value 
of 360 for the reason that the laigest recorded S.A I came to 356.43, 
Those showing a negative leaction were given a minus score m con¬ 
trast to the plus scores for showing positive suggestibility. When 
there was no perceptible change in the postural sway during the 
period of suggestion stimulation, the SAL was scored as zero. This 
type of responsiveness was rare but did occur occasionally 

Results 


Table 1 shows the relationship of age to suggestibility as measured 


both by the magnitude and the speed of response 

TABLE 1 

Averagp Responsiveness or Boys to Hull’s Postural 
as a Function or Age 
Magnitude of responsivenesj 

Figure 2 also 

Suggestion Test 

Age 

in 

years 

SAI. for 
fust suggestion 
stimulation 

S.A I. for 
second suggestion 
stimulation 

S.A I for 
the two 
periods 

5 

56 30 

59 34 

57 82 

6 

200 92 

217.97 

209 44 

8 

220,87 

236,37 

228.62 

10 

151 13 

133,44 

142 2S 

13 

134 67 

133,58 

134 12 

14 

100 04 

30 77 

90 40 

16 

62 99 

98 12 

80 55 

Mean 

132.42 

137,08 


Speed of responsiveness 

Age 

Suggestion time for 

Suggestion time for 

Suggestion time 

in 

first suggestion 

second suggestion 

for the two 

years 

stimulation 

stimulation 

periods 

5 

6040 

56 72 

53 56 

6 

56.38 

41.77 

49.07 

8 

55 95 

40 62 

4S 28 

10 

53,86 

44.6 6 

49 26 

12 

50 96 

51 28 

51 12 

14 

12 10 

54 32 

63 21 

16 

63 SO 

53 44 

58.62 

Mean 

59 06 

48 97 






J 6 


a /<? U /'6 

age m mxs 

FIGURE 2 

Graph Showing Responsiveness or Boys to Hull's Postural Suggestion 
Test as a Function of Ace 

represents the magnitude of responsiveness as a function of age The 
mean S A l’s in Table 1 and Figure 2 show suggestibility increas¬ 
ing fiom 5 tlnough 8 years with a gradual decrease from 8 years on. 
Continuous decrease in suggestion response below 8 years indicates 
that suggestibility will disappear entnely with veiy young childicn, 
no habit patterns having as yet been formed. Phillipe and Ciavicre 
(4) noted a similar lessening of response to suggestion in childien 
from 3 to 7 and concluded that it disappeared entnely with veiy 
young childien Thus the present investigation and a companion 
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study reported elsewhere (2) yield substantially the same results in 
regard to suggestibility as a function of age a and these findings are 
conoboiated by those of previous investigators. 

Table 2 indicates the same general trend foi suggestibility to de¬ 
crease gradually after the second giade, although the high S.A.I for 
the sixth-giaders blurs the clarity of this tendency. The wide age 
range per grade is a complicating factor which undoubtedly accounts 
for the lack of a clear-cut tendency for suggestibility to deciease with 
grade increase The present study does not show such a definite 
tendency for suggestibility decrease in the higher grades as do some 
other investigations. 

What is the relationship of the suggestion responses for the two 

TABLE 2 

Average Responsiveness of Boys to Hull’s Postural Suggestion Test 
as A Function of Grade 
Magnitude of responsiveness 



No. 

S A I for first 

S A I for second 

$ A I for 


per 

suggestion 

suggestion 

the two 

Grade 

grade 

stimulation 

stimulation 

penods 

Kdg 

23 

93 88 

95,35 

94 61 

1 

27 

214 54 

223 38 

218 96 

2 

19 

184 74 

174 59 

179 66 

3 

15 

193 76 

200 27 

197 01 

4 

19 

180 43 

195 09 

187 16 

5 

19 

136 02 

101 00 

118 51 

6 

14 

199 28 

226 52 

212 90 

7 

10 

70 10 

41 9+ 

56 02 

8 

19 

77 85 

88 31 

83 08 

9 

10 

128 71 

204 66 

102 33 

10 

15 

52 98 

186 H 

115 80 

Speed of responsiveness 


No, 

Suggestion tune for 

Suggestion time for 

Suggestion time 


per 

fiist suggestion 

second suggestion 

for the two 

Gi ade 

grade 

stimulation 

stimulation 

periods 

Kdg 

21 

58 56 

107 39 

82 97 

1 

27 

104 88 

141 95 

70 97 

2 

19 

65 94 

121 94 

60,97 

3 

15 

SI 07 

88 00 

44 00 

4 

19 

52 00 

90 73 

45 36 

5 

19 

67 3 6 

118 37 

59,18 

6 

14 

51 00 

122 21 

61 10 

7 

10 

5120 

110 10 

52 05 

S 

19 

53 10 

95 25 

47 62 

9 

10 

52 00 

110 79 

55 85 

10 

15 

80 33 

139 46 

69 73 
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penods? Comparing the amplitudes of the two penods foi the group 
as a whole, there is little difference between the amplitudes of the 
fiist and second periods. The S AI’s foi the first suggestion stim¬ 
ulation aie 97 1% as gieat as those for the second suggestion stimula¬ 
tion, the difteience being so slight as to be quite negligible Examining 
the ages separately, there is little appreciable difference at any age 
With the exception of the 16-ycai-olds, the mean S A I. for the first 
period being only 64.2% of the mean S AJ for the second. The 5- 
through the 8-year-olds are slightly more suggestible during the sec¬ 
ond peiiod, the 10- through the 14-year-olds aie slightly more sug¬ 
gestible in the fiist period Correlations weie computed for each 
of the three ages, 5, 8, and 16 All show a high positive relationship 
between S.A.I. (I) and SA.E, (II). The 8-year-olds, oi the most 
suggestible gioup, show the greatest degree of consistency between 
the two suggestibility indices. For this age, a positive correlation 
coefficient of .92 was obtained with a probable error of .019. The 
relationship was not quite so high foi the 5- and 16-yeai-olds, 
although each yielded a very satisfactoiy positive r. Theie was a 
positive ? of 84 with a P.E of 085 for the 5-year-olds and a positive 
r of .83 with a P.E of .044 for the 16-year-olds. 

There is a little more variation in the suggestion time between 
the two periods than m the S.A.I J s. The mean suggestion time for 
the group is definitely less for the second period, it being 82.9% as 
great as the time taken to evoke the maximum response during the 
first period. Each age, with a slight vanance at 12 years, yielded 
more rapidly to suggestion dining the second stimulation It is in¬ 
teresting to note that the most suggestible ages (6 and 8 years) show 
the greatest diffcience between the two periods, the suggestion times 
for the second peiiods being 74% and 72 2% of the first, respectively, 
for the 6- and 8-yeai-olds. These results agiee with those reported 
by Patten, Switzei, and Hull for adult subjects (3). 

As might be expected, from Table 3, we see the 6- and 8-year- 
olds giving the highest percentage of maximum responses. At these 
two years over 50% of the children showed a maximum responsive¬ 
ness, while with the youngest, the least suggestible, only 16% of the 
group yielded maximally From 8 through 16 there was a gradual 
lessening m maximum responsiveness. Not only a quantitative but 
also a qualitative difference was discernible in the typical maximum 
responsiveness at different ages A few of the children at 5 and 8 
yeais began twisting about or swaying from side to side until the 
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TABLE 3 

Relationship or Maximum Responses to Age 

Percentage pei age showing each type of maximum 
lesponaes 
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stylus was jerked off the kymograph drum* Once started, they kept 
up a constant motion throughout the entire suggestion stimulation. 
Twenty-five per cent of the 6-year-olds and 20% of the 8-year-olds 
either lay flat upon the floor or bent so low that the head touched 
the floor The types of behavioi so far described ceased aftei 8 years 
and were, theiefore, regarded as the lowest order of maximum re¬ 
sponses The highest peicentagc of maximum responses from 5 
through 10, several at 12, and a few at the 16th year were locomotor 
in nature. Some subjects walked to the opposite wall where they 
halted and remained until the suggestion stimulation ceased, while 
others kept constantly circling the Toom The majority of those 
giving maximum responses at 12, a fair number at 10, and 8, and a 
few of the 6-year-olds, stooped until they took a positon which ap¬ 
proximated a jack-knife. Most ot those at 14, many at 16, quite a 
few at 12, and a few at 10, either leaned over until they lost their 
balance, repeating this procedure many times, or leaned over until it 
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became necessary to take a step ot two forward to keep from falling, 
this being kept up until suggestion ceased. As many of the 16-year- 
olds as showed the last type of maximum response, almost as many 
of the 14-year-olds, and a few at the 10-year level leaned ovei con¬ 
siderably but not enough for Loss of balance, 



/V ytAtfS 
FIGURE 3 

Graph Showing Negative Responsivenpss of Boys 10 Hull’s Postural 
Suggestion Test as a Function of Acr 

Table 4 and Figuie 3 give the percentage and degiee of negativism 
as related to age. As might be expected, those age groups showing 
the gieatest degiee of positive suggestibility show the least negative 
lesponsiveness One-tlmd of the 5-ycar-olds were negatively affected, 
with a definite decrease at both 6 and 8 years, the 8-year-olds show¬ 
ing only a slight negativism. From 8 years on thcic was a rapid 
rcgulauty of increase in negativism until a little ovei one-half of the 
16-year-olds gave a negative response. Percentage and degree of 
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negativism, therefore, show a very definite and logical trend, the 
curve of negativism in Figure 3 being the distinct opposite of the 
curve of suggestibility in Figuie 2. Those negatively suggestible dis¬ 
played a definite tendency to show a piehmmaiy mild response fol¬ 
lowed by a second reaction of considerably greater magnitude The 
mean percentage of negativism for the first period was only 75 9% 
of the second, while the mean S A.1 ’s for the first suggestion were 
only 66.7% of those foi the second suggestion. 

TABLE 5 

Sum op Positive Suggestion Responses as a Function of Age 
Age S A I (I) SAL (II) 


5 

1341 

1628 

6 

5676 

6699 

8 

5599 

6538 

10 

4469 

4320 

12 

3766 

3764 

14 

3110 

3122 

16 

3223 

2788 

Mean 

3896 

4837 


Table 5 gives the sum of the positive SAI.’s by age groups for 
the two suggestion peiiods The mean S A.I, value of the first 
period is 80 5% of the second. Compaiing this to the latio of 66 7% 
for those negatively suggestible, and remembeiing the high positive 
correlation for the 8-yeai-olds (the most suggestible group), it may 
be seen that subjects showing a marked positive suggestibility dur¬ 
ing the first period are more likely to respond in similar degree to 
the second suggestion than are those giving mild or negative response 
the first period 

Only three of the subjects failed to respond negatively or posi¬ 
tively during one of the two suggestion periods, while no one re- 

TABLE 6 

Percentage of Opposite Responses pee Age 
Age Percentage of opposites 


5 

16 

6 

0 

8 

0 

10 

13 

12 

25 

14 

21 

16 

16 



RESPONSES OP BOYS TO HUIJ.'s SUGGESTION TEST 


+17 


\ X-, +* > 

■ i— 1 o 

, hil » 


-o to *« vo do 
1 CM 1-H IH H 


cm t— f to N vo w 

V 5 «n vo + oo vo 

tO 1T| + tO T N tf) 


c<D CM 09 

tS? ^ 17 V ;-s Q ^n> o 

4 *4 11 H H P-Mtl 


a w 

zi ^ trt 

<+< a v 

rt <11 u* 

■-+-H n «u 

° r B* 

, cnO <* 


o n£j 

6 g I M n m itma 
u Oi ,—i v#^ ^ v-o ^*- 

<u I 4 - <%i u-i ^ m 4 


1 *0 \© to m vo io to 
■4- -C4 W *o CM 


I t-"- <0 S M O' 


u 

q; > D 

p,| t> 

j_,» 

.V? rt YJ 

h J O 
^ ^ 


c-n tr» 

t-- ^ mw vohv \o 
VO in M H 


M M tr> c/1 

<+■ to to M CS2 co 

i-1 i-t CM 


W Q ilN to* 
CM VO HH Ht^l 


s 2 ifi 
^ co a 


rv in VD oo 


4> 

> Q a 

fc< o 8 

ri QJ 

F. <n 


w <w -f^oto 


in to DO Q N <+ M 



418 


JOURNAL OF GENETIC PSYCHOLOGY 


mained completely unaftected One of the 5-year-olds who at first 
showed a slight negative response obtained a zero score during the 
second suggestion stimulation, while another S at this same year gave 
no reaction except a slight backward sway during the second period. 
Another at 14 gave a mild positive response m the second period 
after obtaining an initial scoie of zero. 

Opposite responsiveness also was rare as seen in Table 6. At the 
most suggestible ages, 6 and 8, none of the subjects shifted from a 
positive to a negative reaction. With practically all subjects in¬ 
fluenced oppositely, there was at first a mild positive response fol¬ 
lowed by a mild negative one. 

Hull has pointed out vanous typical behavior patterns to waking 
suggestion in his preliminary obseivations of adults. He found a 
laige percentage of subjects showing an initial shallow negative re- 
action which gave place to a matked positive reaction several times 
laiger when the suggestion stimulation was continued. Others 
showed a period of about the same duration following the beginning 
of the suggestion but preceding the cleai positive reaction during 
winch there was no noticeable response. This tendency to inertia 
was teimed latency , Corresponding to this latency, he found, fol¬ 
lowing the termination of suggestion, a similar period during which 
the response was undiminished or actually increased Hull in¬ 
dicated that this latter phenomenon concsponds to the aftei-dis¬ 
charge found in spinal reflexes of dogs (1). 

The subjects in the present investigation showed three general 
types of initial responses, namely, a first shallow negative followed 
by a marked positive, a first shallow positive followed by a marked 
negative, and a latency period. The after-effects weie typified as 
after-discharge, complete recoveiy from suggestion, a slight cairy- 


TABLE 8 
Correlations 



16 yea is 
; P,E. 

8 

r 

years 

PE 

5 years 
r PE. 

Amplitude to latency 

19 

13 

14- 

12 

.24 

13 

Amplitude to after-discharge 

OS 

00099 

63 

.0755+ 

43 

.11 

Amplitude to i ecovcry 

19 

13 

33 

109 

.03 

13 

Amplitude to slight cairy-over 
Amplitude to 

37 

,11 

21 

12 

.09 

.13 

compensatory after-response 

.27 

,12 

21 

12 

19 

.13 

Latency to after-discharge 

13 

.13 

.04 

.125 

20 

oos 
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over of the suggestion, and a compensatory response opposite to that 
shown during the suggestion stimulation The average percentage 
and aveiagc time per age for these initial and aftei-rcsponses to 
suggestion are given in Table 8 Only responses for the fiist sug¬ 
gestion period are lepresented. There was a wide variation between 
the two suggestion periods for latency During the second peuod 
only 13 2% as many childien showed latency as exhibited it during 
the first Only 60% as many gave a compensatory aftei-response in 
the second peuod as in the first, and for the second period only 17 % 
of the first gave an initial shallow negative before a positive. It 
seems reasonable to expect the least degree of latency for more sug¬ 
gestible age gioups. An examination of the data in columns one and 
two of Table 8 suggests that this does hold true, but only slightly. 
The i ’s and P E.’s indicate little oi no relationship between amplitude 
and latency There is also little lclationslup between latency and 
after-discharge For the 8-ycar-olds a fairly satisfactory positive r 
of .63 was obtained between amplitude and after-discharge, with a 
mild relationship for the 5-yeai-oIds with a positive i of 43 Little 
relationship is indicated between amplitude and recovery, amplitude 
and slight carrv-ovei, or amplitude and compensatoiy after-response 
As judged by these ;’s in Table 8, the 5-year-olds show more re¬ 
covery fiom influence of suggestion than any other age while more 
of the 8-year-olds recovered than those at the 16-year level Both 
the 5- and 16-yeai-olds tended to show more of a slight carry-over 
than any of the other ages, the same being true for compensatory 
after-response. A laigc percentage of the 14-year-olds also showed 
the latter. 

Dividing the subjects into significant age groupings in accoid with 
their scoies, and using the U-curve as a measure of prestige, it was 
found that the prestige factoi was opeiative for the group as a 
whole The influence of this factoi was most marked for the 10- 
and 12-year-olds and was present in mild form with 14- and 16-year- 
olds. 
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LES RtfPONSES DES GARgONS ENTRE LES AGES DE CINQ ET DE 
SEIZE ANS AU TEST DE SUGGESTION DE POSTURE DE HULL 

(ResumG) 

On ft fait fiubn le test de suggestion de posture de Hull h 194 6coliers Les 
sujets riont pas 41oign6 plus de six mois de l’anmversaiie pour les ages 
smvants 5, 6, 8, 10, 12, 14 et 16 Le procdd£ experimental a’est compose 
de mettre chaque sujet 4 I’epreuve pendant quatoizc minutes II y a eii 
deux periodea de suggestion de quatie minutes chacune pendant lesquellea 
on a donne 4 chaque sujet des directions verbafes directe9 de tomber en 
avant, toutes deux prkeddes et siuvies d'unc penode tranquille d’unc duree 
de deux minutes On a mesur6 le degre de suggestibility et par la magni¬ 
tude et par la vitcase de la r4ponae, Lea deux mesurcs de suggestion 
montrent une suggestibility qm spacer oit de cinq h huit a ns avec une dc- 
croissance graduelle 4 partire de huit ana. Une decroissance continue de 
la rSponse 4 la suggestion aux figes moins de huit ans indiqiie que la sug¬ 
gestibility disparaitra enticement chez lea tr6s jeunes enfants, puisqu’ils 
n^nt forme aucune9 formes d'habitudes 11 y n plus de vanation du temps 
de suggestion entre les deux pdriodes de suggestion que dam la magnitude 
de la ripansc Le temps moyen de suggestion et dyfimment plus petit pour 
in deuxtemc p6riode, 6tnnt moms grand de 82 9% II cst mt^ressant de 
noter que lea ages oti la suggestion a le plus de force (six et huit ans) 
montrent la plus grande difference entre les deux p6riodes, les temps de 
suggestion des secondes periodes 6tant moms grands que ceux des pre¬ 
mieres de 74% et de 72,2%, reapectivement, pour les gargons ag69 de six 
et de hint ans, Les rdponses negatives dana leur rapport avec Page 
montrent line tendance tr4s definie et logique, la courbc de negativism e etant 
le contrairc distinct de Ja courbe de la suggestibility positive 
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REAKTIONEN VON KNABEN IM ALTER VON FtlNP BIS SECH8- 
ZEHN JAHREN AUF HULLS TEST DER HALTUNGS- 
SUGGESTIONEN (HULL’S POSTURAL SUGGESTION 
TEST) 

(Refcrat) 

Man gib 194 Sclmljungcn Hulls Test del Ilaltungssuggestionen Die 
Versuchspersonen befanden aich wncrhalb ciner acchsmonatlichcn Spanne 
des Geburtstngs fur die folgcndcn Altersjahre 5, 6, 8, 10, 12, 14 und 
Das experimcntcllc Vcrfahren bestand in dcr Pmfung jedcr Vp fur vierzehn 
Minuten, Es gab zwci Suggcstionspenodcfl von jc viei Minuten, wahrend 
dcrer die Vp direkte miindliehe Auftrage erhielten, nach vorwrirts zu fallen, 
wobei diesen Periodcn jc eine stille Penodc yon zwci Minuten vorausging und 
folgte Man beatimmte den Grad dei Empfanghchkeit sowohl durcb das 
Ausmass wie durch die Gqschwindigkeit tier Renktionen Beidc Masse tier 
Suggestion zeigen, das die Empfdnglichkeit vom funften bis zutn vollendeten 
achten Altersjahr wachst, und vom aoh ten anfwarts allmahlich abnimmt, 
Die kontinuierliche Abnahmc dei Reaktion auf Suggestionen unter dem 
achten Altersjahr zeigt, dass die Empfanglichkeit fur Suggestionen bei 
sehr jungen Kindern gaaz rerschwiodet, wo noch kerne GewohmmgB- 
voibilder geformt worden sind Es lasscn sich grossed Vauationeti in der 
Suggcstionszeit nvischen den zwci Suggcstionspenodcn nis in Ausmass der 
Rcaktion feststellen. Die nuttlere (mean) Suggcstionszeit ist bestimmt ger^ 
ringer fur die zvveitc Penodc, sie bctnigt 82,9% deijemgen dei ersten 
Penode Es ist intcressant fcstzustcHen, dass die cmpfiinglichsten Alter 
(secha b» acht Jahre) die grosste Differenz zwischen den zwei Pcnoden 
aufweisen, die Suggestionazelten det Sechs- und Achtjahrigen fur die zvveite 
Periode betragen 74 Beziehungsweise 72,2% der der ersten Negative Reak- 
tionen auf das Altei bezogen zeigen eine bestimmte und logische Tendenzi 
die Kurve des negativen Verhaltcns sind das deutliche Gegcnteil der Kurve 
der positiven Empfangiichkeit 
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THE SUGGESTIBILITY OF BOYS AND GIRLS BE¬ 
TWEEN THE AGES OF SIX AND SIXTEEN YEARS* 1 

Fran) the Department of Child Welfare, White Plains, New Yotk 


Ramona Messerschmidt 


Introduction 

There has been considerable investigation to gauge the suggesti¬ 
bility of childien With a few exceptions, the results of these in¬ 
vestigations have been quite uniform. Using a vanety of tests, 
Bell (2), Bmet (3), Brown (4), Chojecki (5), Scott (16), Sca- 
shoie (17), and Town (21) found that individuals chfifei in degiee 
of suggestibility for different situations rather than in being gen¬ 
erally suggestible or non-suggestible, Aveling and Hargtcaves (1), 
on the other hand, concluded that suggestibility is a gcneial char¬ 
acteristic because their subjects lcsponctcd more or less typically to 
various tests They, too, noted that with some individuals the de¬ 
gree of susceptibility to suggestion vaned with diftcicnt situations 

AH those who have studied the suggestibility of children have 
found it to vary with age Avclmg and Hargicaves (1), Binet (3), 
Cohn and Dicftcnbachcr (6), Oti& (15), and Small (19) repo it 
that suggestibility decreases rcgulaily with mcicase in age Gilbert 
(9), Giioud (10), and Guidi (11) repott that suggestibility in¬ 
creases from 6 to 9 yeais, then lessens piogicssively aftei the 9th 
year. 

Grade comparisons have yielded lcsulls similai to those of age 
groups, suggestibility decreasing lcgularly with gi^ulc increase as 
pointed out by Binet (3), Otis (15), and Small (19) 

Jones (13), using blight and lctarded childien of the same men¬ 
tal age, found suggestibility to vaty with chronological age more 
than with mental age, from which she concludes that cxpeiience and 
training are impoilant factors, Small (19) obscived, as well, that 

*Re com mended by Clark L Huh and accepted for publication by Carl 
Mmchison of the bditoiul Hoard 

The vyjitei wishes to evpics* her gJaUludc to Piofcssoi Ifenry II God¬ 
dard, who pioposcd the study and furnished helpful advice, to Profeasoi 
Francis N. MaxJicld, who dhectcd the work and gave gcneious assistance, 
and to Professor Clark L, Ilull, who offeied certain suggestions concerning 
the interpretation of the data. 
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suggestibility lessens as subjects gain in experience and training. The 
study of Cohn and Dicffenbachcr (6) brings out tins same tendency. 
Binet, also, implied as much. 

Most investigators agree that theie is little correlation between 
suggestibility and intelligence. 

The following repoit women and gills to be moic suggestible 
than men. Biown (4), Dressier (7), Gilbert (9), Seashore (17), 
Starch (20), Wolfe (23), and Yung (24) Only one authoi, Otis 
(15), repoits girls slightly more suggestible than boys, while Cohn 
and Dieffenbachei (6) believe that theic is no sex difference The 
Otis test is questioned on the basis of the high positive con elation 
obtained with scoies on intelligence tests which is quite atypical. 

Importance of the piestige of the experimcntei in suggestion studies 
has been lecogmzed by many investigators Binet and Henn (3, p. 
62), Binet and Vaschidc (3, p. 24), Gnoud (10), and Vhtali [22) 
called attention to the prestige factor, but theie was little clear ex¬ 
perimental distinction with and without prestige until the studies of 
Aveling and Haigicaves (1), which were later followed tlnough 
by Estabioolcs (8) In these last two studies, where personal or 
piestige suggestion was used, the subj'ects tend to fall into two sharp¬ 
ly divided gioups, namely, the suggestible and the non- or conti a- 
siiggestible. This results in a U-cuive as contiasted with the or¬ 
dinary symmetrical curves obtained when the prestige factor is not 
present Wheie suggestion is impersonal the distribution is approxi¬ 
mately normal, most subjects being model ately suggestible. 

The present study comprises 11 tests which ate considered to be 
representative of pievious investigations with suggestion, A second 
study (14) employs Hull's postuial suggestion technique (12). 
Points of likeness and variance between the results of these two 
studies are to be noted and pxesent conclusions compaicd with those 
of pxevious investigators 

Subjects and Test Battery 

This battery of suggestion tests was given in the spring of 1927 
to a gioup ot unselected school children taken tiom Eighth Avenue 
School, Indianola Junior High School, and a few fiom East and 
North High Schools in Columbus, Ohio The age range was fiom 
6 through 16 yeais and theie was practically an equal numbci of 
each sex Many pupils took only part of the tests because they weie 
not all given the same day. Thus, the numbei of subjects pei test 
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is large in comparison with the number that took the entire senes. 
The number for each age taking all 11 tests averaged only 22, while 
the average number of like age for any one test was 452 

In order to test as many subjects as possible, it was found advisable 
to give the first seven tests m the following batteiy as group tests 
To insuie against any group influence, gieat caie was taken to see 
that each pupil kept his woik covered, no communication was al¬ 
lowed, and all subjects from any one school were given the same 
test on the same day The last four tests were given individually* 
The caid was also included as an individual test for those who could 
not wute The nature of these tests was nevei divulged to any of 
the subjects The majonty considered them a new and peculiar 
senes of f, nut tests ” 

The tests are described in the order in which they weie given. 

1 . The tuip hues weie devised by Binet (3, pp 87-109) and 
the material and procedure are identical with his A senes of 12 
lines drawn on a white papei weie shown one at a time for 7 
seconds. The first line is 12 mm. long and each of the next 4 
incTeases 12 mm. in length as do numbcis 7, 9, and 11 Series 6, 
8, 10, and 12 are traps in that they aie the same length as the line 
immediately preceding. The subjects were asked to look at the 
line exposed and to make one of exactly the same length on a paper 
furnished them, placing the fiist under the second and so on. The 
scoring differs from Binet’s, Maiking on the basis of susceptibility 
to suggestion, those subjects aie most suggestible who mciease the 
length of the trap lines as they do for the otheis For each trap 
line increased, a score of 2 is given as the suggestibility index. This 
allows for a range of scoring at intervals of 2 from 0 through 10. 

Many of the younger children barely looked at the last six lines, 
maiking them all of progressively increasing length One might say 
from this that expectant attention inci eases the degiee of suggesti¬ 
bility of a person 

2. Progressive increase in the length of lines , a modified Binet 
test (3, pp. 110-160), consists of 10 paiallel lines which stait at 
varying distances from the margin. The fiist is 12 mm, long, the 
next 4 increase piogressively (12 mm.), while the last 5 are all equal 
in length. The procedure and scomig aie identical with those for 
the trap lines, For each of the last five lines diawn longer than the 
preceding one, a score of 2 is given. 

3. Simple aesthetic preference is based on a senes by Brown (4), 
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comparing the proportions of a rectangle, across, and a squaie drawn 
by the subject as he prefers to those drawn by him aftei suggestions 
of improper proportions are made. With the youngest childicn, 
drawings were made on the blackboard to illustrate a rectangle and 
a square* Thice figuies weie drawn foi a rectangle* one almost 
square, one longer than it was wide, and one higher than it was wide 
Three figures were likewise made for a cross: one with the cross 
piece near the top, one with the piece ncai the middle, and one with 
the cross piece near the bottom. The subjects were then asked to 
draw six figuies. The explanation given befoie each d 2 awing was 

A (1) “A man is going to put a ‘for sale* sign on his house. 

I want you to draw the shape of the ‘for sale’ sign you would like 
best to have him use ” 

(2) “Now just under this ‘for sale’ draw the kind of a 
rectangle you like best” Note* “Most people like best to diaw 
their lectangles highei than they are wide ” 

B (1)' “I want you to draw the kind of a cross you would 
like best to see on a soldier’s gi avc,” 

(2) “Now just under the soldier’s cross draw the kind of 
a cross you like best” Note. “Most people like best to put the 
cross-piece nearei the bottom than the top.” 

C. (1) “A man is going to buy a new picture to hang on the 
wall in his home I want you to diaw the shape of the picture 
(the shape of the frame) you would like best to have him buy," 

(2) “Now just under the pictuie draw the kind of a lectangle 
you like best.” Note. "Most people like best to draw theirs almost 
square ” 

Foi no yielding to the suggestion, a score of 0 is given. One figure 
showing suggestion gives a scoie of 3, two a scoie of 7, and 3 a score 
of 10 One would expect moie subjects to yield to the suggestions 
for the rectangle than for the cross because of the uncommon and 
inaitistic method suggested for the cross. This was found to be 
the case Most of the “for sale*’ signs weic drawn a bit longei 
than wide. 

4. Directive suggestion legarding the length of lines is one of 
Bmet’s tests (3, pp. 225-227), but 11 rather than his 36 lines, each 
60 mm in length, were shown one at a time. The subjects weie to 
reproduce them as foi the fiist two tests The fiist line was ex¬ 
posed without comment, but an explanation of “Heie is one that 
is longer, “ accompanied the second and “Hcie is one that is shorter,’’ 
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the third These suggestions continued alternately through the 
series. A scoie of 1 is counted for every suggestion taken. Many of 
the youngest children accepted the suggestions without question, 
giving only slight attention to the lines With otheis, theie was a 
conflict between the veibal suggestion given and the impiession re¬ 
ceived by observation If the conflict was gicat enough, the pres 
tige suggestion was ovenuled and the line drawn correctly. 

5. Illusion of smell is a modified foim of Slosson’s experiment 
(18) A small bottle of water was wrapped in cotton and placed 
in a box While caicfully unwrapping and holding it up, the ex- 
annnci explained: “In this bottle there is something that I think 
you have ncvci smelled before, I am going to pour some on a piece 
of cotton, hold it in the an, and begin counting one count a second. 
As you smell it, you are to put the numbeL you hear me say oil your 
paper. Remember, all you need is one numbci, the number you 
hear me say when you fiist smell this.” Examiner pouied some 
watei on the cotton, holding hei head away as if the odor were 
disagreeable, and counted to 100. This test is scored by the all-oi- 
none method The index of suggestibility is +10 it a number is re¬ 
corded, 0 if no number is wntten or a statement to the effect of 
smelling nothing, and —10 if the validity of the test is challenged. 
Theie were few who dented the validity. The youngest smelled an 
odor on the first few counts and as the age incieased the rccoided 
numbei tended to be higher Those of high-school age weie the 
only ones who pronounced it a fake. A very few in some of the 
lower grades hastily wrote a numbei after the test was completed 
Their papers were collected separately and not counted. These num¬ 
bers tended to he neithci small noi particularly large. 

6. The card was fiist used by Binet (3, pp, 244-324) and in¬ 
volved fidelity of report as affected by leading questions. Tile card 
was deep yellow in color, 22 cm wide and 15 5 cm long, and had 
glued to it stv objects* a button, a penny, a violet brown unused 
stamp, the picture of a man’s head (hatless), the picture of a crowd 
(both of these were without color), a light green stoie ticket (print¬ 
ing, 13. Marsh & Company, Linens and Waists, $6 75). The card 
was exposed for 12 seconds and the subjects then wiote the answers 
to 15 suggestive statements. Briefly, they are 

1. What color is the thread that goes through the four buttons 
fastening them to the card ? 

2. Draw the place the button has been broken. 
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3. Is the pictuie of the man daik blue or brown? 

4, Is the gentlemans left leg ciossed over his right leg or his 
right leg crossed over his left leg? 

5 Draw the shape of the hat on his head. 

6. What is he holding m his right hand? 

7 Where is the small hole in the penny? 

8. What city is on the postmaik foi the stamp (postmark ex¬ 
plained) 

9. Is the stamp light red or dark red ? 

10. Draw the thread which fastens the ticket to the caid, 

11. Is the ticket light green oi daik gieen? 

12 In the pictine of the ciowd, where is the little dog? (none 
there) 

13. How is the man dicssed who is being ai rested by the police? 
(no arrest) 

14 The seventh thing on the caid is a pictuie What is it 
about? 

15. What is the eighth thing on the caid? 

An object described on the card was counted 1 and an object not 
on the card was counted 2 Zero was given for no response or an 
answer infer ling loss of memory, while a minus score was given 
for flat denial of the validity of the question 

7. Illusion of sight is after Small (19) but slightly modified, 
A small iron animal, a dcci, has a coid aiound its neck which is 
attached to a stick of wood on the inside of a box. The thiead from 
a ball of coid hidden in the box is wound twice around the stick 
to furnish sufficient friction to make it taut. It comes through a 
hole in the lid and is wound on a windlass which is attached to the 
top of the box. The subjects aie supposed to see the animal move 
when the windlass is slowly turned, The subjects were asked to 
look at the nose on the dcei while E turned the windlass and 
counted to 100 The procedure and scoring aie simitar to the 
illusion of smell. As with the illusion of smell the younger children 
saw a movement on the fiist few counts Some put down a number 
after the test was completed as with the test for smell Over half 
of these gave the same response on the formei test. Both in the 
junior and senior high schools the validity of the test was ques¬ 
tioned. 

8. Directive suggestion 7 ega? ding colms has been used by Max- 
field As a preliminary check on color-blindness, no subject was 
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used for this or the following test who could not coriectly name each 
of the six colois Fiom 15 onc-mch squaies of each of the follow¬ 
ing colois red, orange, yellow, gicen, blue, and violet, the subject 
was first asked to hand E 3 red, 1 gieen, and 2 blue squaies* He 
was then asked how many of each of the thice colois he took up. 
E next asked foi 1 yellow, 3 violet, and 2 green, and questioned as 
to the numbci of each picked up. Lastly, E requested 1 led, 1 
violet, and 2 yellow Subject was then asked the number of violet, 
red, and oiange used If subject said that none weie orange, ex¬ 
aminer asked how many yellow ones weic used The scoie is eithei 
10, indicating the numbci of oiange, oi 0. Those who accuiatcly 
remembeied the nunibei of colois chosen pioved the most resistant 
to suggestion, indicating that accuiacy of observation and good 
memory ate important factois in influencing resistance to sugges¬ 
tion Many subjects leplicd with the number almost at the same 
time that the stimulus "oiangc” was given The oldci the subjects, 
the moic correct were the responses 

9. Contradictory suggestion r eg a) ding colot is taken fiom Binet 
(3, pp 211-218). Nine small white cards weie wound with the 
following colois of silk floss* puic blue, giay-blue, giecn-bluc, blue- 
gieen, yellow-green or moss green, still moic yellow, olive gieen, 
yellow With a green tint, and golden yellow The subject was asked 
to name each color so the examiner could hem and then to wnte 
its name on paper. Whenever a verbal lesponse other than blue 
was given by the subject, the examinei said in monotonous tone, 
“No, blue,” A score of 1 was given for 1 mconect blue lesponse, 
2 for 2 incorrect blues, 4 for 3 inconect blues, 5 for 4, 6 foi 5, 8 
for 6, and 10 for 7 The younger children accepted the suggestion 
without question, some older pupils seemed dubious of the conection 
but recorded the suggestion, some writing blue and at the same time 
saying the correct color. The high-school students, however, took it 
as a huge joke or assumed a contemptuous air After the fiist or 
second suggestion of blue foi gieen, the majority of childien under 
high-school age called all the othei colors blue spontaneously 

10, Contradictory suggestion regarding the length of lines is 
after Binet (3, pp, 219-225) A series of 24 numbered lines, the 
length of the shortest being 12 mm and each succeeding line piogres- 
sively lengthening by 4 mm,, was show to the subject He was to 
determine which of the series was comparable in length to three 
other lines exposed one at a time. The first of the second group 
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is 32 mm long and equal to line 6 of the first series, the second 
of the group of three is 56 mm and equal to line 12, and the third 
is 80 mm. and equal to Imc 18. A line of the second is exposed for 
five seconds aftei which he chooses that in the first senes which is 
its equal in length No mattei what his choice, the examiner points 
to the line immediately below, saying, “Is it not rathei Imc—?" If 
subject agiees, exammei points to the next below repeating, “Is 
it not jathej line —Fox complete rcs^tancc a score of 0 was 
obtained, acceptance of all six suggestions counted 10, five counted 
8, four counted 6, three counted 5, two counted 3, and one counted 
1 The youngei childlen readily accepted the suggestions without 
question Those making accuiatc first judgments tended to be most 
sure of their own choices Heie accuiacy of observation seems to 
accentuate resistance to suggestion 

11 Ft og? essively inci easing iveights is a modified Binet (3, pp, 
U 0-208) test Ten weighted cubes of equal size weie placed before 
tire subject for him to deter mine by lifting whethei each succeeding 
cube was lightei, heavier, or the same as the one immediately pre¬ 
ceding. The first was 20 grams and Nos 2 thiough 5 progressively 
increased by 20 grams The last five were all 100-gram weights. 
For each of the last five weights judged heavier, a score of 2 is 
given Many of the younger chddien failed to judge the first five 
weights correct^ They were undei tire impression, however, that 
no two weights in succession were the same Many that judged 
each of the last five progicssively heavier raced through them with¬ 
out due consider atfon, the idea of progiessive increase was so fiimly 
fixed. The majority of those who gave accuiatc judgments for all 
of the last five weights were slow and deliberate in their pioccdure 


TABLE 1 

Showing the Frequency with Which a Particular Score or Range of 
Scores May Occur on All Eleven Tests 


Score 

or 

score range 

Number of tests 
yielding this scoie 
or score range 

Percentage of tests 
yielding this scoie 
or score range 

to 

11 

100 

9-8 

9 

81 8 

7-6 

10 

90 9 

5-4 

10 

90 9 

3-2-1 

11 

100 

0 

11 

100 

Minus 

3 

2 72 



430 


JOURNAL OF GENETIC PSYCHOLOGY 


Thus it would seem that resistance to suggestion depends to a con¬ 
siderable extent upon accuracy of observation 

The scoung system is so devised that all the tests ate made to 
yield closely compatible scoies on a scale which docs not exceed 10 
points on either the plus or minus side of 0 or a neutial point Three 
of the eleven tests allow for only gioss scores of maiked positive, 
neutial, or maiked negative lesponsiveness, while the other eight 
show varying steps oi dcgiees of difference in suggestibility Table 
1 indicates the frequency with which anv particular scoie or range 
of scoics may occur on all eleven tests It is theiefore possible to 
obtain only one of six score ranges oi steps on almost all of the tests 
while a negative scoring occurs veiy infrequently 

Results 

Table 2 and Figuie 1 give the average suggestibility scores by 
age and sex for all 11 tests. For both boys and girls the highest 
score obtained was at 7 years The smaller suggestibility index at 
year 6 indicates a tiend towaid lessened suggestibility in the younger 


TABLE 2 

Average Responsiveness or School Children to Eleven Forms of Sug¬ 
gestion as Related to Sex and Agf 


Ages 

Sex 

Boys Girla 

6 

6 82 

7 87 

7 

8+1 

8 26 

8 

7 17 

7,58 

9 

6 58 

6 88 

10 

5 79 

6.19 

11 

5 68 

5 19 

12 

+ 36 

+ 63 

13 

3 58 

3.70 

1+ 

2 29 

2 05 

15 

1 73 

2 17 

16 

1 53 

1 78 

Mean 

+,903 

5 ns 

Diff between 



sex means 

215 

fe, d 

079 

D 



pe d 

27 
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FIGURE 1 

Composite Graph Showing Responsiveness op Children to Eleven Forms 
or Indirect Suggestion as a Function of Age and Sex 

children. Unfortunately, ages were not extended low enough with 
the first study group to note any very significant decrease. After 7 
years suggestibility indices lessen regularly with the older age groups. 
To put it another way, after 7 years suggestibility decreases with 
increase in age In this respect the results of die first study agree 
with those of previous investigators. 

Differences weie obtained between the sconng of the boys and 
the girls. At only 3 of the 11 ages do the boys exceed the gills 
in average suggestibility At the othei 8 ages, or 73%, the girls ex¬ 
ceed the boys, For all ages taken together, the girls average .21 
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of a point moie suggestible, yielding a critical iatio of 2.7. This 
critical ratio does not indicate a veiy reliable diffetencc between the 
sex means Although the difference is not very significant, the 
slightly higher suggestibility of guls agrees with the conclusions of 
the majority of expenmcnters 

Do subjects differ in susceptibility to suggestion from one situation 
to another or aie they equally suggestible foi all ? To detcimine 
whether 01 not subjects showed the same degicc of Suggestibility for 
all tests, the number and percentage of each of the 7 possible scoic 
ranges received on all 11 tests was computed foi each subject. 
Table 3 gives the pci cent age of consistency scoies for all ages when 


TABLE 3 

Percentage or Consistency with Which Each Subject Received the Same 
Score on Ail Eleven Tests as Rblated to Ace and Sex 





Percentage of consistency 

score 


Age in years 

Sex 

10 

9-8 

7-6 

5-4 

3-2-1 

0 

Minus 

6, 1, 8 

Boys 

56 

8 

9 

7 

11 

8 

1 

Gn la 

56 

12 

9 

6 

9 

8 


9, 10, 11 

Boys 

29 

11 

12 

9 

21 

15 

2 

Girls 

31 

9 

10 

13 

17 

1+ 

6 

12, 13 

Boys 

n 

6 

7 

10 

28 

29 

2 

Girls 

20 

8 

11 

12 

22 

25 

2 

14, IS, 16 

Boys 

6 

7 

5 

10 

19 

+9 

4 

Gills 

13 

3 

6 

7 

18 

45 

8 


conveniently giouped to bring out general trends, that is, ages 6, 7, 
and 8 showed a similai trend in scoring as did 9, 10, and 11; 12 
and 13, 14, 15, and 16 Table 4 and Figure 2 show the highest 
percentage of consistency scoring for each age of both boys and girls. 
Just a little over 1/2 the children from 6 through 8 received the 
same scoie on all 11 teste, between 1/3 and 1/4 from 9 through 13, 
and less than 1/2 fiom 14 thiough 16, It is yery interesting to note 
that at the ages where the children are most suggestible and least 
suggestible theie is more consistency in scoung. Therefoje, those 
children who show the greatest degree of suggestibility foi one situa¬ 
tion tend to be geneially more suggestible, whereas those least sug¬ 
gestible or contra-suggestible tend to lemam so in different situations. 
Accoidmg to Table 4, the boj's exceed the girls at 5 different ages 
and the girls likewise exceed the boys at 5 different ages. The 
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do* /a/ 

FIGURE 2 

Composite Graph Showing Highest Percentage of Consistency Score by 
Age and Sex on Ale Eleven Tests 

diffeicnce between the sex means is 1 455 in favor of the boys, yield¬ 
ing a ciitical ratio of 0 97 

Using the U-cuive (found by Aveling and Hargi eaves and Esta- 
brooks to be typical of test results whcie the piestige factor js opera¬ 
tive) as a cutenon of prestige suggestion, the scores obtained for 
each test were examined and cuives plotted to note evidence of pres¬ 
tige Only 3 of the 11 tests give any evidence of piestige as judged 
by the U-curvc They are directive suggestion in legard to the 
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TABLE 4 

Highest Percentage of Consistency Scoring on All Eleven Tfsta dy 

Ace and Se* 


Age 

Sex 

Boys 

Girls 

6 

60 

62 

7 

61 

60 

8 

48 

4S 

9 

32 

36 

10 

29 

27 

U 

25 

29 

n 

26 

28 

n 

36 

24 


44 

55 

15 

45 

36 

16 

58 

43 

Mean 

42,182 

40 727 

Difb between 

sex means 

1.455 


fe. d 

1 493 


D 

pe d - 

0 57 



length of lines, contradictory suggestion in regard to colors, and con¬ 
tradictory suggestion m icgard to the length of lines 

Although prestige cannot be noted to operate for any of the age 
groups in directive suggestion in icgard to the length of lines, the 
nature of the scoring for diffeicnt ages is such that it is characteristic 
of the test when the ratings for all the ages are taken together The 
high degree of suggestibility of the children fiom 6 through 11 and 
the non-suggestibility of the children fiom 12 thiough 16 make a 
well-defined U-curve, Only the 6- through 8-yeai-olds show any 
prestige influence for contiadictory suggestion in rcgaid to the length 
of lines, all the other age gioups being so little influenced by E's 
statements as to overbalance the suggestibility of the younger children 
when ratings of all the ages arc averaged. Contradictory suggestion 
in regard to colors shows a distinct prestige factoi Qpeiating for the 
test as a whole and quite chaiac tens tic of those from 9 thiough 13. 
There is a faint impression of prestige in the 6- thiough 8-yeai-olds 
but it is not definite enough to be considered as such The youngest 
children were inclined to accept E*s contradiction of facts unques- 
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tiouingiy, those from 9 duo ugh 13 wciu about evenly divided, some 
accepting E’s correction, others holding to their original estimates, 
whereas the oldest, from H through 16, gave little credence to E. 
The high degree of suggestion for the youngest and the non-sugges¬ 
tion of the oldest only accentuate the U-tiend for the middle ages, 
yielding a definite U for the test as a whole 
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LA SUGGESTIBILITY DES 6ARQONS ET DES FILLES ENTRE LES 
AGES DE SIX ET DE SEIZE ANS 
(R6gum6) 

On a fait subir onze differents tests de suggestion h des ecolieis deg 
£coJes municipals de chaque sexe et h chaque age de 6 h 16 ans Ceux 
qut on subi toute la s£ne out ete cn moyenne 22 & chaque Age tandis que 
le nombre moyen des aujeta dc memo age pour un seul test n ete de 452 
On a employ^ lea resultats du meme nombic de garijong et de lilies 

On a fait la moyenne des indices de suggestibility pour chaque sexe et 
chaque fige Les filles ont eu un pen plus de suggestibility que les gardens 
Le9 gargons poss^dent an moyenne plus dc suggestibility aculement k 3 
des 11 ages Studies. Aux auties fi ages, ou 73%, les filles poss^dent plus 
de suggestibility que les gnrgons La diffyrence moyenne entre les sexes 
donne une proportion critique de 2,7, ce qui signifie qu'on obtiendrait au 
hasard une diffdrcnce de cettc grandeur seulement une fois sur trente 
AprSs 7 ans, la suggestibility a montry une dycroissance regulars avec 
Faccroit de Page . Les enfantg a Page de 16 ans n’ont possede que le sixi^me 
dc la suggestibility de ceux ages de 7 nns Une tendance h. moina de sugges¬ 
tibility chez les tr^s jeunes enfant9 est mdiquy par un plus petit index de 
suggestibility & 1*Age de 6 ans Quelquea-uns des test montrent les resultats 
maxima h 8 ans au lieu dc 7 Cette irregulante est probablement plut6t une 
diffyrence dans leg caracteri9tiquea des formes de suggestion qu'un rysultat du 
hasard Les sujets n’ont tendu que rarement A montrer le meme degre de 
suggestibility pour tous leg teats 11 est intyreasant de noter cependant qu’aux 
Iges ou les enfants poss^dent lo plus de suggestibility (6-8) et le moms 
(14-10) lea resultats sont les plus constants. 


MeS9HRBCHM1DT 
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DIE EMPFANGLICHKEIT FOR SUGGESTIONEN YON KNABEN UND 
MADCHEN IM ALTER YON SECTS BIS SECHS2EHN JAIIREN 

(Referat) 

Man gab Kindcrn oilenthchei Schulen } beidei Geschlcchtcr und jeden 
Alters von scchs bis scchzehri Jahren, elf veiscluedene Suggcstionstestc Die 
duichschnittliche Zahl der Kinder, die sich der ganzen Tcstserie unfcerzogen, 
betrug 32 fur jedes Altersjahi, wahicnddcm die durchschnitthche Kinder- 
zahl derselben Alter fur lrgend einen der Teste 452 war. Man benutzte die 
Angaben cinci je gleichen Znhl von Knaben and Madchen 

Der Duielischnitt dei Empfanglichkeitsangaben wurde fur jedes Alter 
und jedes Gescblechl berechnet Die Madchen waren ganz werng emp* 
fanglichei ah die Knaben Nm in 3 von den H unteisuchten Alters;ahren 
erweisen die Dmchschnitte die Knaben als empfanglichei als die Madchen 
In den iibrigcn 8, ode; also in 73%, tier verschicdencn Alteisjahre nber- 
treffen die Madchen die Knaben Die nuttlere (mean) Difireienz zwischen 
den Ge sell lech tern ergibt em kntisches Veihaltms von 2,7* vvas bechutet, 
dass man einen Untcischicd solchci Giossc nur in einem aus dreissig Fallen 
duich Zufall erhielte Naeh dem aiebenten Ahersjahr vermmdert sich die 
Empfanglichkeit regelmas9ig nut zunchmcndem Alter. Kinder im sechzehn- 
ten Alteisjahr waren nui em Sechstel so empfanghch wie Siebenjahrige 
Eine Tendenz nnch vcrringcrter Empfanglichkeit bei selir jungen Kindcrn 
wird ausgedruckt durch einen kleinern. Empfnnglichkeitskocffizicnten im 
sechstcn Alteisjahr Emigc Teste eigeben Maxima beim nehten statt bcim 
siebten Alteisjahi Diesc Unregelrnassigkeit lat wold chei auf einen Unter- 
schied in den Mcikmalen der Sugg estionsf ormen ah auf Zufal] zuruck- 
zufuhien. Die einzelnen Versuchsperaonen ziegen wenig Tendenz auf 
alle Teste mit demselben Grad dei Empfanglichkeit zu reagieien, Es ist 
intcressant, dnss sich bei den Alteisjahren, in denen die Kinder am emp- 
fanglichsten (CJ-8) und am wenigsten empfanghch (14-10) Bind, die grosste 
Gleichformigkeit der Angaben feststellen lasst. 


Messer scHMiDi 
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THE EXPECTED AVERAGE DIFFERENCE BETWEEN INDIVIDUALS 
PAIRED AT RANDOM 1 

Quinn McNemar 

In the statistical tieatment and interpretation of ceitain data it sometimes 
seems desirable to supplement or replace corielational techniques by the use 
of some inverse measure of relationship One such mensuie which has been 
used is the average difference between the individuals of pans, as } for ex¬ 
ample, the difference between friends, or between husband and wife, 01 
between twins, etc In order to interpret such a measme, it is necessary 
to know something about the theoretically expected difference foi individuals 
paired at random Certain investigates have attempted to arrive at this 
theoretical value by diawing pairs at random and then computing the 
average diftcicncc between such pairs This method is not only laborious 
but also lacking m piecision because of the sampling errors involved in the 
drawings It is the purpose of this note to give two proofs that the theoreti¬ 
cally expected aveiagc difference between individuals paired at random 
is 2 <j/V 7 n >n which cr is the stnndaid deviation for a given tiait for a 
given sample 

The writer’s first attack on the pioblem was to build up a distribution of 
the differences between a million pairs of individuals paired by use of 
elementary principles of probability lathei than by random drawings The 
procedure was ag follows The baae line of the noimal probability function 
was divided into 33 segments of 3er each (sufficient range to include a 
million cases) By reference to a table of the normal probability function 
it 19 possible to state the piobability of drawing an individual from any 
given segment Let P i repiesent this piobability. Let the piobability of 
drawing the second individual of a pair fiom any given segment be P } (all 
drawings on the assumption of an infinite population) By the multiplica¬ 
tion theorem, P^Pj is the probability of drawing a pair who show a differ¬ 
ence in sigma units equal to the distance Horn the midpoint of the i-th inter¬ 
val to the midpoint of the ;-th intcival Thus by letting i and ; take 
successive values it Is possjble to build up a djstilbutjon of differences for 
individuals paired at random which will approximate veiy closely the theo- 

J The value given in this note was derived and used in connection with a 
study on twin resemblances in motor skills Since its denvation, the wntei 
has found that the same value has already been given by J O Iiwm (1, 
p 101) Thus a lediscovcry has been made, and the result is being pub¬ 
lished so as to make it more generally known among psychologists 
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rctical distribution of an infinite number of differences Straightforward 
computation of the avciage difference for a million pairs so selected gave 
the value 1 12837929-f- times sigma Since the value of 2 /Vtt ia 1 12837916+, 
it was infeitcd that the thcoietically expected average difference between 
individuals paired at random is 2 <r/V 7 r> 

The second proof is based on the theotcm that for uncorrelated measures 
the variance of a diffeicncc is equal to the sum of the scpaiate variances, i,e, 
Since in the picscnt case the individuals are drawn from 
the same parent population, £rV=u% so that the variance of the difference 
between individuals paired at random is Now the average differ¬ 

ence between the pairs will coirespond to the mean or average deviation 
of the distribution of differences, and since the average deviation of any 
normal distribution equals s/2/^ times its 9igma, it follows that A,D. d — 
<r d V27^2*/V rjj- 

A word should be said concerning the <r value which should be used in 
determining the theoietically expected aveiagc difference in the practical 
situation Since our puLpose has been to answer the question, what would 
be the avciage diffeience if the individuals of a given group were paired 
at random, it would seem best to state this expected value in terms of the 
standard deviation of the group under consideration But it should be 
noted that if one wishes to infei fiom the c of one group what the expected 
average difference would be foi individuals paned at random from an¬ 
other sample an error may be introduced because of the fluctuations in the 
standard deviations due to sampling If the experimental group is small 
and if a <r is available fiom a large sample similaily selected, it would be 
better to use the <r based on the hirgei sample. 
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THE WHOLE-PART PROBLEM IN MEMORIZING POETRY 
Grace O McGeoch 

In a recent paper (3) on the whole-part problem in memorizing meaning¬ 
ful material the wilier called attention to the need of a revaluation of the 
experimental data in view of contemporary textbook treatment of the whole- 
part issue Quotations were given from five recent texts in educational 
psychology which state explicitly that the whole method is superior to the 
part in both learning and retention in spite of the fact that the experimental 
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data at present do not justify any answer to the question Ig the whole 
method superior to the pait? Attention was called to the fact that the ques¬ 
tion so framed is scientifically unansweiablc No method can be inheiently 
or absolutely the beat method The whole-part problem, however, con¬ 
ceived in terms of the conditions undci which one method of memorizing 
is supenor to anothci is amenable to a scientific answer, which, however, 
awaits much fiuthci experimentation A pievious analysis (1) of the 
experimental data had suggested that the relative efficiencies of the whole 
and part methods in learning and letention arc functions of, at least, seven 
main factors matenal, subjects, practice, form of the pait method used, 
methods of mcasunng efficiency of learning and of retention, and the length 
of the interval. It was concluded that the available data do not justify 
any generalizations lcgaidmg the reciprocal and differential effects of the 
above factors, much less the lecommendation for classioom use of any par¬ 
ticular method of memonzing 

Expenments on memorizing meaningful material are of more immediate 
interest to the educator than those in which nonsense syllables or mazes 
are used for learning mateiials The number of investigations, however, 
on memorizing poetry which have jielded lesults amenable to statistical 
have been surprisingly few, Reed (5), and more recently Stroud 
and Ridgeway (7), used college students as subjects under conditions of 
learning to complete mastery with massed piactice Reed concluded that, 
although theie were no reliable differences in learning between the three 
methods employed In the mean time scores, the majority of his subjects found 
the whole method inferior to the pait methods Stioud and Ridgeway also 
concluded that the whole method was less economical in learning than the 
progressive pait and part methods in terms of trials, which constituted their 
only valid measure of learning efficiency, but that there weie no significant 
diffciences between the tluee methods in retention after an interval of one 
week It is unfortunate in the interest of further experimentation on the 
whole-part problem designed to isolate out the factors of which the relative 
efficiencies of the learning methods me functions that the poems used as 
learning materials in these two investigations were not described more 
completely and that the subjects’ habitual methods of memorizing were not 
consideied* 

Winch (8), also using massed practice but a time-limit, not a work-limit 
technique, found, with school children between the ages of 11*4 and 13, the 
whole method to be inferior to the progressive part in learning ‘'short” 
poems, but no valid difference between the two methods in the learning of 
a "long” poem under conditions of distributed practice. Ills results, how¬ 
ever, must be considered m the light of the fact that the majority of 
hia subjects had habitually employed a verse-by-versc method of memoriz¬ 
ing, and also that learning efficiency was measured in terms of the num¬ 
ber of correct words, not lines 
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The writer (2), likewise using massed piactice and the time-limit tech¬ 
nique with children, found no reliable differences between the whole, pio- 
gicssive part, nnd pure pait methods in the learning, or in the retention 
aftei a 24-houi interval, of 12 lines of poetiy, The poetry units in this 
expeiiment were taken fiom two poems by William Cullen Bryant, “An 
Autumn Walk” and “A Life Time/ 1 which, although of lelatively simple 
meter and rhyme scheme, were somewhat abstract in content and lacked the 
obvious continuity and appeal of nanation It was suggested that the lack 
of differences between the three learning methods might have been, in part 
at least, a function oi two factors, (1) the type of learning material, and 
(2) the pievjous piactice with the dilfeient methods of learning It was 
possible to make a rough test of the first hypothesis by analysis of data at 
hand secured in an investigation on reminiscence (4), in which the experi¬ 
mental conditions vveie sufficiently similar to justify comparisons of lesults 
In this expenment only the whole method and the pure part method were 
used The subjects were all the nine-, ten-, and eleven-year-old children 
in six public schools, four in Fayetteville, and two in Spnngdalc, Aikansaa, 
Half the subjetta (earned by the whole method and half by the part Fac¬ 
tors of age, sex, giade, and type of school were taken into account when 
dividing the subjects into the two groups, Fiom 20 to 40 children were 
tested at one time, All testing was done in the schoohoojn dm mg school 
houis The poein learned, Mary Ilowitt’s “The Spidci and the Fly/’ is of 
the ballad type and is considcicd a children's poem Stan?as 4 thiough 
8 (24 lines) were ananged in 12 double lines which weie piinted with 1 
inch between each line This airnngcmcnt facilitated the mechanical le- 
quncments of learning by the pait method, in which a blank sheet of paper, 
which was used to cover the poem, was slipped down a line at a time until 
all 12 linc*i had been exposed Aftei each line had been read aloud once 
by the experimenter, the subjects were given 20 seconds in which to study it 
This pioceduie took 4 of the 5 minutes allotted to learning The last minute 
was devoted to a review of all 12 lines Foi the whole method, the poetry 
was punted with a single space between each line The experimenter first 
read aloud the material once, and then 5 minutes weie given in which to 
read all the way thiough the poem as many time9 as possible With both 
learning methods, immediately aftei the learning peuocl the chiidi cn were 
given all the time they wanted for a written 1 ecall of the poem They were 
instructed to tiy to lecall the exact woids of each line if possible, otherwise, 
to give the thought of the line The subjects did not know that they would 
be given a retention test after an interval of 2f horns Two ty pes of 
scores were obtained V-scorea, the number of lines reproduced vetbahmt 
and S-strores, the number of lines repioduced as to sense added to the 
V-score9 1 A line was cj edited mcspcctive of relative oi absolute position, 


'Thp reason the S-scores weie not tieated scpaiately but included the V- 
scores was tlie fact that we are primarily inteiestcd in the total number of 
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Each line, since it contained two lines a9 the poem is usually printed, was 
treated and scored as two 

The recoids of only 310 (70%) chitdien were used, although 440 com¬ 
pleted the experiment, since it was discoveied by questioning the children 
aftei the ictention test that 130 (30%) had heard oi learned the poem or 
part of it prior to the experiment These 310 subjects weie distubuted as fol¬ 
lows with the whole method, theie were 38 nine-, 62 ten-, and 61 eleven- 
year-old children; while with the part method the numbers were 35, 60, and 
54 for the three ages respectively Since sepmatc analyses of the data on 
the basis of age and sex levealed no reliable or consistent diffciences between 
learning methods, results with the three ages and two sexes were combined 
These are summarized in Table 1 which gives, for each learning method, 
the mean score and the sigma of the mean for both V- and S-scores in learn¬ 
ing and retention, the percentages of retention, and the differences with their 
sigmas 

TABLE 1 


Percent- 




Learning 

Retention 

age 

of 



V-scoies 

S-scoies 

V-scorca 

S-scores 

retention 

N 

Method 

Mean tr Ar 

Mean <r^ t 

Mean 

Mean cr M 

V 

S 

161 

Whole 

2 0+± 19 

B62± 35 

1 71 ± 17 

8 45±35 

84 

98 

149 

Part 

2 S0±,22 

8.62± 35 

211±23 

7 5 5 ±.36 

84 

87 

D and <r D 

— 46±29 

0 ±49 

— 40± 29 

90±,50 

0 

11 


Inspection of Tabic 1 shows that there are no reliable differences be¬ 
tween the whole method and the part method with either type of score in 
learning or retention Furthermoie, the apparent difference of 11% in 
percentage of retention with the S-seorcs is not valid since the diffcience 
in retention is not reliable On the basis of these results the conclusion 
can he drawn that with poetry which is appealing to children there are no 
significant differences between the whole method and the pait In so far 
as this investigation is similar enough to justify comparison, it can be con¬ 
cluded that, with the pattern of expenmentnl conditions used, the lack of 
valid superiority of either method is not a function of the type of poetry 
learned 2 


lines the subjects learned That total amount can be measured by the more 
severe criterion of veibattm reproduction oi by the moie lenient criterion of 
reproduction of the sense of the line The latter ciiteuon necessarily in¬ 
cludes the former 

a From a study of the following summaiy of the cxpeiimental conditions in 
the two experiments, it is evident that, in spite of minor differences, in 
general the similarity is sufficient to wan ant comparison The conditions 
of the study reported in (2) are listed under A, while those of the present 
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The second hypothesis, suggested above (2, p. 357), was that the prac¬ 
tice factor might a cocun t, m part at least, for the results obtained The 
factor of practice includes not only the methods of memorizing which the 
childien had been using prior to the experiment but also the novelty of the 
imposed formal part methods involved in the expeumental procedure. It 
is highly doubtful that a child would spontaneously use a part method in 
which, during the learning time allotted, each line, the last as well as the 
first, would receive the same length of time for study 
In an attempt to test the piactice factor another expenment was conducted. 
The classroom teachers of the thud and fouith giades in five public schools 
in Columbia, Missomi, were asked what methods of memorizing they had 
their pupils use. Out of the ten giades, a form of the progressive part 
method was taught by six teachers* the whole method by two* while two 
teachers permitted the children to use their own methods In the discussion, 
it became evident, however, that the habitual methods employed by the 
pupils were not neccssauly the methods iccommended It was decided, 
therefore, that the best procedute to obtain results with the methods that 
had had the most pievuous consistent practice was to let the children spon¬ 
taneously select then own methods of learning, and, aftei the experiment 
was over, find out what methods had been u*ed Attention might be called 
here to the fact that the use of children in higher giades would not neces¬ 
sarily have insured moie firmly established learning methods because of 
the lack of uniformity among the teachers m the method recommended 
Since it was impossible, because of practical difficulties, to sccuie all the 
mne-, ten-, and cleven-year-old children in the five schools used, only the 
children of these thiee ages who were m the third and fourth grades 
served as subjects The first six staiwas (2+ lines) of Maiy Howitt’s poem, 
“The Spidei and the Fly,” constituted the learning material Each child 
received a copy of the poem printed on thin cardboard After the experi- 


mvestigation aie listed undei B The writer conducted both experiments 
and scored all the papeis 

Subjects (A'l 62 nine- and ten-year-old school children of average and 
very supenor intelligence, (B) 310 nine-, ten-, and eleven-yoai-old school 
children of all intelligence levels for each age tound in the public schools 
Methods (A) With the whole method, 6 minutes foi leading thiough the 
poem as many times as possible, while with the pure pait method, 20 seconds 
for each line followed by 2 minutes for icvicw of the whole poem, (B) with 
the whole method, a single leading aloud of the whole poem by the experi¬ 
menter, followed by 5 minutes for reading thiough the whole poem as many 
times as possible, while with the puie pait method, nftei a single reading 
aloud of each line by the expelimentcr, 20 seconds for study of each line, 
followed by 1 minute foj levicw of the whole poem 
Proceduic Genera! procedure, including written recall Immediately after 
leirnmg, letention test after an inteival of 24- hours, and method of scoring, 
the same for both experiments* 
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menter had read it aloud once, five minutes were given for learning Nothing 
was said about the method of learning The childien vvcie simply told to 
memoiize ns much of the poem as they could in the allotted time Immedi¬ 
ately after the learning period, a wntten recall was takers for which there 
was no time limit The children were instiucted to repioduce the exact 
words of each line if possible, otherwise, the thought, They weie not told 
that there would be a retention test aftei an interval of 24 hours, The 
retention test was therefore unexpected As each child finished writing 
this second recaii he \md his paper aside and turned to his own schooi work 
until all the children had finished The cxpcnmentcr then asked the sub¬ 
jects how they had learned the poem The whole method was carefully 
explained and also that verse-by-verse learning meant completely learning 
each verse before beginning the next verse, and that Imc-by-linc learning 
meant liter ally learning one line at a time The difference between a pure 
part method and a progressive part method was explained, but as far as 
the experimenter could discovei from the child ten's own desciiption of thcii 
methods, no subject had employed n puie part method. Those children who 
were not certain of the method they had used were questioned individually 
by the experimenter After each subject had wntten on his paper the 
method employed in learning the poem, he then indicated his habitual 
method of memoiizing Again individual attention wns given to those who 
weie unceitain, There were thiec types of methods hated reading thiough 
the whole poem again and again, learning it verse by verse, and learning 
it line by line 

Although 238 child]cn completed the experiment, the rccoids of only 172 
(72%) were used The papeis of the following subjects were discaidcd 
those who had learned in units laigcr than one line or less than foiu lines 
(four lines to a verse) , those who did not know definitely how they had 
learned the poem, the few whose habitual learning methods diffeied from 
the methods used In the expenment; those who had read or learned the 
poem or any part of it prior to the experiment, and the few who had hap¬ 
pened to sec the poem in books at home dunng the 24-hour inteival All 
the papers were marked by the experimenter who used the same system of 
scoung ns that used in the two studies discussed above 

The total of the 172 subjects was distributed as follows according to 
learning method and age, whole method, 6, 0, and 3 for ages nine, ten, and 
eleven respectively; verse-by-verse learning, 66, 17, and 11, and line-by-line 
learning, 43, 20, and 6 It is inteiesting to note, and unfoitunate for the 
purposes of om study, that only 9 (5%) of the childien spontaneously and 
habitually used the whole method Since the small number of cases pre¬ 
cludes statistical analysis and, consequently, comparisons with the other two 
methods, only the aveiage scoies and the langes for tins method aic given 
below in Table 2, Separate analyses of the data on learning by verses and 
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by lines on the basis of age, sex, and giade revealed no reliable or con¬ 
sistent method differences dependent upon any one of these factors The re¬ 
sults, therefore, with the three ages, two sexes, and two grade 9 combined 
are presented m Table 2, which includes for both V- and S-scores the mean 
score and the sigma of the mean for learning and retention, the differences 
between methods with then sigmas, the peicentages of retention and their 
differences 


TABLE 2 


Percent- 

Learning Retention a £ e 

V-scores S-scores V-scorcs S-scores retention 

N Method Mean Range Mean Range Mean Range Mean Range V ® 
9 Whole 1 44 0-4 +66 2-8 188 0-5 6 00 2-11 131 129 





Mean cr M 

Mean <r M 

Mean <r M 

Mean <r^ 

V 

S 

94 

By 

verses 

2 +7d- 19 

7 27± 39 

2 42:t 23 

7 3 3± 42 

98 

101 

69 

By 

lines 

2,30*21 

6 24* +0 

2,40=t 23 

6 53± 42 

104 

105 

D 

and 


17*23 

1 03± 5 6 

02±,32 

76±59 

—6 

—4 


Inspection of Table 2 shows that all the differences between verse-by-verse 
learning and line-by-line learning, with the exception of those m the per¬ 
centages of letention, arc m favor of the former The si7e of the sigmas 
of these diffeiences, howcvei, rendcis them all unielmble Consequently, 
the differences in percentage of retention are likewise not valid On the 
basis of these results it can be concluded that there are no significant 
differences between the two spontaneously and habitually employed methods 
of memonzing, two progressive pait methods, one involving units of a 
single line in length, and the other units four lines in length 

Thi 9 lack of differences might be wholly a function of the too great 
similarity of the methods in which the units differed by only three lines. 
It is unfortunate that the whole method was not used by a sufficient number 
of children to justify compansons between it and the two progressive part 
methods It might be noted in passing, nevertheless, that the mean scores of 
the rune subjects who employed the whole method are consistently inferior 
to the mean scoies obtained with the two progressive part methods, while 
the percentages of retention aie considerably greater The apparent un¬ 
popularity of the whole method among the subjects studied is worthwhile 
bearing in mind when considering the possible effect of the piactice factor in 
interpreting the results obtained in investigations in which the habitual 
learning methods of the subjects are unknown 

Besides the similarity of the methods, several other possible explanations 
for the absence of differences suggest themselves our procedure of ques- 
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tioning the children did not separate the methods reliably; the children had 
not had sufficient practice in the use of then preferred methods to permit 
the appearance of a possible superiority of one method , the time allotted to 
learning was not sufficient to teveal a possible difference in efficiency be¬ 
tween the two methods (6, p 191, cf also 1, p 729) The fact that no 
mean score was as large as 8 lines, or onc-tlmd of the poem, makes it 
possible that Sawdon's hypothesis concerning the relationship between the 
time allotted to learning and the relative efficiencies of the learning methods 
might be applicable Fiom the data at hand, however, there 19 no way of 
evaluating these possible explanations, but the absence of a sntisfactoiy 
explanation in no way calls in question the validity of the lesults obtained 
In view of the asseition of the superiority of the whole method in recent 
texts m educational psychology referred to in the introduction of this paper, 
a bncf leview of the experimental data on memorizing poetry might not 
be unpiofitable, With college students, Reed found no reliable differences 
in learning between the whole, progressive part, and part methods, while 
Stroud and Ridgeway found the whole method less economical in learning 
than the progressive part or part method, but found no significant differences 
between the three methods in ictention With school children, Winch found 
the progressive part reliably superioi to the whole in the learning of 
“slioit” poems, but obtained no valid difference between the two methods 
with a “long” poem In two experiments of the wntci, there were no 
reliable diffeience9 between the whole and part methods in learning or 
retention, and in the present study there is no diffeience in learning or in 
retention between two spontaneously and habitually used forms of the 
progiessive part method , 

It 19 clearly evident that the experimental data fail to support the alleged 
general superiority of the whole method Moreover, the data have not been 
sufficient, or systematic enough, to deteimine definitely the conditions upon 
which the lelative efficiencies of the diffcient methods of memorizing depend 
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SOME SIMPLE OBSERVATIONS OF LEARNING 
Goodwin Watson 

A research chemist, a physiologist, a biologist, And a psychologist wore 
sitting in the parlor after dinner on a iamy Sunday The other three felt 
that the weather dul not invite them out to their laboratories, and that the 
psychologist should be able to find out something interesting whenever 
people were willing to sejvc as subjects The psychologist accepted the 
situation and quickly wrote out a series of lists of ten simple words each 
These wcie read to the thiec willing subjects under a vnucty of conditions 
Recall was tested attei each presentation, the subjects correcting their own 
papers Two subjects were tested for recall after 24 hours, The instiuc- 
tions weie rotated so as to avoid confusing any special ease oi difficulty in 
a particular list with the advantages oi disadvantages of a particular 
method 

Comparison was made among the following procedures 

1 Listen and tiy to recall 

2 Listen, and as you think ench word make a simple check mark on the 
paper, Make a general soit of check maik for each word 1 

3* Pay attention to the sixth, seventh, and eighth woids m the list, be¬ 
cause these are the ones that arc usually overlooked 

4 Try to get some attiactive association with each word 

5. Try to think of some vciy unpleasant association with each word 

6 Try to combine the words into a unified Gestalt For example, the 
series, “wind, rock, dog, slave, ink, wheel, bread, bends, ioof, star” might be 
remembered by envisioning a scene in which a strong wind blowing across 
the rocks ruffled the hair of the dog braced against it, while a slave down 
in the shekel below poured ink over a wheel, spoiling the bread, he did this 
because his attention was distracted by hj9 interest jn his beads, and he had 
been looking up over the roof to the star Much better scenes might be 
enacted with the same stimuli 


1 This was suggested by Kuit Lewin’s hypothesis (and experimental de¬ 
termination) that any sort of motoi expression would, if repeated at the 
time of endeavor to tecall, tend to improve the probability of recall, even 
though the same motor expression were used for all of the stimulus words 



448 


JOURNAL OF GENETIC PSYCHOLOGY 


The mtmeucal scoieg arc the least interesting pait of the observations 
made during this shoit experiment, They aie shown in Table 1 

TABLE 1 

Pprcen t/\ge or Words Ricailed 


Method Physiologist Chemist Biologist Aveiagc 

Immediate recall 


Listen (5 trials throughout 


the experiment) 

55 

94 

79 

76 

Making a mark (3 trials) 

Attention to center numbers 

53 

92 

67 

72 

(2 trials) 

Attractive association 

90 

85 

90 

88 

(2 trials) 

Unpleasant association 

65 

85 

75 

75 

(2 tnals) 

75 

75 

SO 

77 

Gestalted (5 trials) 

80 

90 

72 

81 

Recall of list afto 

24 hows 



Listen 


34 

14 


Mark 


5 

32 


Gestalt 


77 

13 


All words 

Words with which the subject was 


44 

11 


successful in immediate iccall 
Words which the subject missed on 


43 

13 


original recall 


50 

8 



The most interesting pmt of such an experiment is the incidental observa¬ 
tion of human behavior In this case, for example, the physiologist, being 
a lady somewhat advanced in >cars, a little less competent in the language 
of this foreign country than hci fellow-subjects, and feeling presumably 
considerable need for status, felt the social prcssuie so strongly that she 
cheated rather legularly in reporting her scoies, When the papeis wcie 
later called foi she was much embariassed She had wutten in additional 
Words which she counted at the time when they were lead foi correction 
The difFeience was marked in hand-wiitmg between the words which she 
wrote during the authorized lecall period and the words which she tried 
to add to the list latci, The smuggled-in woids weie wutten smaller, in 
more irregular and definitely tense oi lestrnmed movements The same 
subject offered a senes of excuses bcfoie beginning which might serve as 
alibis m case her record was not good, although the psychologist tiled to 
make it cleai that the only puipose was to compaic an individual’s per¬ 
formance under one set of conditions with lus pcrfoimance undci another 
set of conditions, and did not involve any comparison among individuals 
Twice following the afternoon of the experiment, at periods separated by 




SHORT ARTICLES AND NOTES 


449 


several weeks, this subject stopped the psychologist to offci an explanation 
of the words that had been wiitten in on the paper and the discrepancy 
between the words originally correct and the number leported It was not 
hard to see in this very simple laboratory experiment that we were dealing 
with a lady who as a little girl had always gotten good marks in school, 
whose sense of values grew out of comparing herself with other people in 
a continuous competition, whose need to be well thought of was so great 
that the traditional objectivity of science could not prevail against it This 
was the more interesting in that she was distinguished in hei field and had 
been honored with rcseaich fellowships I suspect that even the most 
ardent advocate of specificity m chaiacter would have trouble convincing 
himself after such a simple experiment that the resenich publications of this 
woiker merited his entire confidence 

The errois made m reproducing the lists affoided anothei interesting pos¬ 
sibility foi psychologizing That mental habit that Fiend calls "condensa¬ 
tion,” and which appeals occasionally in om slips of speech, was evident 
The senes of words, "rest, chicken, aunt, loss,” produced a new word in its 
place, the woid ”lunch,” which had not been mentioned The senes "noon, 
smiles, teacher” was omitted, but the word "school” was substituted Tho 

series "summer, wood, play” was leplaced by a new word "countiy” The 

type of crior in which a related word was substituted was much more 
common in the attempt to remember by the use of some gestalted scene, 
Thus in that case "pig” was reproduced ns "sow,” "dirt” as "dirty,” "roses” 
as "gaiden,” and the like Sometimes the imagined chaiactcnstics of a 
scene were more vivid than the stimulus woids around which the scene 
was built Thus in one list which contained the woid "phite," it was fol¬ 
lowed by a new word, "bioken,” which was not directly suggested by any 
other word in the stimulus list Such results in recall tend to support 
the idea that some kind of Gestalt is remembered, rather than a specific 
stimulus It is n common obseivation that children asked to lepeat the 
precise xvoids of a sentence, as in the Bmet tests, often lepeat correctly 

the meaning of the sentence but interchange woids, omit woids, and sub¬ 

stitute synonyms When the emphasis was on meaning, as in constructing 
the scene, then the omissions and substitutes were of a sort that pieserved 
the ojigmal meaning When the emphasis was on simple memory of a 
nonsense senes the substitutions were sometimes similar in meaning but were 
more apt to be similar in sound 

There was no evidence of learning, in the sense of impioved ability to 
remember, with any method except that of the gestalted picture 7'he 
composite scoie, based upon all methods in each trial was 77% conect in the 
first tuai, 82 % in the second, 65% in the tlmd, thereafter, 70%, 87%, 67%, 
74%, 74%, 70%, 60%, 67%, and 77% When the subjects tried to build 
all stimuli into one stiucturcd whole, the average was 60% m the first trial, 
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G*}% in the second, 77% in the thiid, 97% in the fourth, and 93% in the 
last The score foi one subject was, foi a list of ten woids, 3, 5, 7, 10, 10 
Why did learning take place only with this kind of method? Do our 
laws of learning lead us to expect that when type of stimulus, type of re¬ 
sponse, nmnbei of repetitions, knowledge of success or failure, and set in 
the sense of desiie to learn me all constant, some ways of organizing 
reactions will make learning possible while others will not? Have we not 
omitted something important? 

Introduction of any new method was fiequently confusing One subject 
made a complete failure in the hist trial with check marks* He remem¬ 
bered not one single woid Similar observations have been made by 
Thorndike, but aie they well explained in teims of connections between 
stimuli and responses? It seems clear that a change in "set” may disor¬ 
ganize the whole situation so that recall becomes impossible, even though 
recall was involved as a pa it of the "set" and lecall was possible before 
and after this period of confusion One is inclined to believe that the 
naive explanation that this peison was "confused,” or "lost lus head,” 
comes closci to the truth than any explanation which relies largely upon a 
theory of separate and independent connections strengthened by use and 
satisfaction, weakened by disuse and annoyance, Not fading through dis¬ 
use, but failure through disoiganization, seems to be involved 

The relative ease and difficulty of remembering any woid depended 
noticeably upon its position in the senes. This has long been familiar in 
the learning of lists of nonsense syllables Words falling in the sixth 
position showed only 47% collect, in fifth and seventh position, 67% cor¬ 
rect; in fourth and ninth, 60%, The first and Inst woid9 were 92% 
correct It is fairly easy to find laws of learning which attempt to dc- 
scube this situation, the law of primacy foi the first word, the law of 
recency for the last, That this explanation fits the facts seems doubtful 
Pnmacy, as Thoindike has shown, is by no means always an advantage in 
learning The extraordinaiy drop from 90% coucct in the Inst woid to 
60% in the one immediately preceding looks suspicious If we had had 
nine woids or eleven woids, had paused foi a time without speaking, we 
could very easily have dcmonstialed that it wa9 neither length of list nor 
period elapsed since healing which was lesponsible foi the success with 
the tenth word It seemed to be the factor of lastncss, a Gestalt quality 
closely related to the tendency to notice extreme figures in an army visually 
presented all at the same time I suspect that the experiments in which 
Thorndike failed to find primacy wcie senes of unrelated elements with 
no gestalted unity, 

When subjects were asked to concentiate attention on the middle terms 
of the senes the effect was usually to impiovc the score Here again we 
have a law of learning which one would never be able to deduce from the 
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customary principles of exeicise, effect, set, multiple response, etc, It 
amounts to a bcttei distribution of attention ovei the learning field It 
seems to be a modification of the natuial structure of the situation which 
overemphasizes firstnesa and lastness and obsemes the middle, I dare say 
any examination of students 1 notes on lectures, plus their memory for them, 
would show the same stiuctuie generally prevailing Perhaps it takes spe¬ 
cial teaching techniques to make the middle of a lecture as eleaily remem¬ 
bered, other things being equal, as the beginning and end The consequences 
of the Instruction to pay attention to the middle numbeis were equally 
interesting. The cases weic few, hut in ro case was the last word for¬ 
gotten Whatever learning energy was diverted toward the middle seemed 
to detiact from ability to remember the first one oi two words ot Uvc series. 
Thus what happened was something like a pretense that the senes hadn't 
really begun until about the tune when the fourth word came It was not the 
fact that physically these middle wolds were immersed in a number of other 
similar tasks, but the fact that psychologically (hey did not stand out, which 
had accounted for their pievious dimness, A change in the psychic or¬ 
ganization, with no change in the physical stimuli, brought a different 
selective memory In traditional terms tins is pitting the principle of "set 1 ' 
against the principles of primacy and lecency, with a defeat of primacy 
but not of lecency. In terms of stiucture, it is modifying the natural 
advantage of the end positions in any series by setting up what amounts 
to a new beginning point in the middle, but without really modifying the 
importance of the end-point. 

Another possible factoi in determining which woids would be lcmem- 
bered might be sought m their content Some words described family rela¬ 
tions, others objects of the physical world, otheis, seasons, animals, etc 
In no case was there any evidence that words alike in meaning, or opposed 
in meaning, or belonging to the same general class, weie any more alike in 
ease of recall than wcie woids unrelated in meaning No more than one 
word of a type appealed in any one list Of course this failure of any 
class of words to stand out may well have been due to the conditions of 
the experiment All the words were common nouns of one or two syllables, 
selected to be as familiar as possible I vcntuie to assert that a slight 
modification of the expenment could have shown that certain woids—notably 
obscene words—would have been remembered iegaidlcss of their position 
m the senes, the method of attempted lecall, etc Is the extiaordinaiy 
dynamic behind such learning adequately included in the laws of exeicise 
and effect? 

Theie wa9 no evidence to suppoit Lcwin's interesting hypothesis that 
making some movement while listening would improve ability to remember 

The attempt to connect some attiactive expelienee with each woid might 
be expected, according to a naive concept of the punciple of effect, to 
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lesult m some increased tendency to recall the word Actually, of course, 
the satisfying opciation, if any, is the associating rather than a recall 
operation Unless one can assume that the glow of satisfaction 1 achates 
over a considerable piece of the temporal enviionmcnt, especially that 
which has preceded discoveiy of the satisfying associate, it 19 hard to 9ce 
why the effect of the association should influence recall As a mattei of 
fact, in this case it did not Activity in the direction of finding associations 
apparently 1 educed the effectiveness of icmembciing the list of stimulus 
words This may have been an implication for teaching Let us assume that 
a good teachei is interested in stirring up a mental activity Associations 
are sought by students It may be that these students will rcmcmbci less 
well the senes of stimuli given by the teacher than would be true in the case 
of students who did nothing blit listen to the teachei. If two classes were 
tested foi recall of a presentation one class having made vigoious attempts 
to lead out fiom the presentation into some areas of mental activity, the other 
class having nieiely listened with intent to recall, the lattci class may appear 
to bcttei advantage Certainly this obseivation would suggest that attempt 
to use presentations as a starting-point foi thinking does not inciease ability 
to remember the presentation Apparently recall questions may not be 
used to evaluate teaching which is supposed to stu up activity of a different 
sort from the simple recall, It may be added that unpleasant associations 
were neither more noj less helpful than pleasant associations in the matter 
af recall of stimuli 

The most successful method, once it had passed beyond the stage of 
novelty, was the constiuction of a unified Gestalt, One subject, a young 
woman of exceptional mental ability, had at least nine out of ten right in 
all trials after the first with this method Outstanding was the diffeicnce 
in her ability to recall words built into an liiiaginaiy scene and her ability 
to lecall lists learned more mechanically, Aftei 24 horns she remembered 
about one-third of the words to winch she had listened passively, or to 
which she had lesponded by making little check marks, but she lcmcmbercd 
77% of the words which the day before had been built into the imaginary 
figures Moreover, in her case the words were recalled in the onginal 
order This was not tiue of words that had been remembered from the 
other hats As a rule, recall 24 houis latei (the subjects did not know 
there was to be a recall) showed organization about the meaning of the 
term The subject remembered that the word “brothei” had been in the 
Hst and quickly thereafter recalled “father” and “uncle” It was interesting 
that the memory for these woids did not follow the “bonds” set up in the 
presentation although the recall situation was vciy much like that in which 
the words had been onginally lieaid and recalled in the older of presenta¬ 
tion. Why did they regioup themselves about categories of meaning? Is 
the best explanation that the previous bonds between words alike in mean- 
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ing had been often exercised? Haidly, if wc conceive that exercise in any 
mechanical fashion, The sequence "biother-fathcr-uncle" or <f pig-dog-bear" 
is ceitainly raie The organizing principle in the biain must be of such 
a nature that similarity in meaning is moie potent than similarity in sound 
or contiguity in lime and space Only in the case of the gestalted scene, 
when the relationship of one object to the next in the senes was meaningful, 
did the series ordei remain as stable, Mechanical sequence had to be 
woikcd over into meaningful interdependence, in oidei foi the sequence 
to be lecalled. 

Thi9 aiticle certainly does not aspire to contiibute authoritative answers 
to questions corn ermng memoiy and recall It is based rather upon the 
assumption that the questions raised by a single observation may be quite 
as significant for scientific piogiess as the answers obtained by a mass 
experiment Heie, of a rainy Sunday afternoon came evidence aplenty, 
in the analysis of the behavior of very few subjects in a very simple 
situation, that many commonly accepted theories of learning and recall 
did not suffice. Let us review some of the questions 

1 Plow much of the backgiound of the subjects and then character types 
must be taken into account? Clearly we were dealing here with a simple 
laboratory cxeicise, but even here a distoited personality reconstructed the 
situation to fit her emotional needs 

2 Are we justified in believing that a peisonality pattern which showed 
itself in cheating on this simple exercise would reappear in many other 
situations in the life of this individual? 

3 , Why do woids run together, ''condense" into new ones alike in some 
sounds oi meaning? 

4, Why is it easier to lepioduce meanings than to leprochice the stimuli, 
just heaid, which set up the meanings? 

5 What is the essential condition for learning (m addition to type of 
stimulus, type of response, desire to learn, number of repetitions, knowledge 
of success oi failure, etc ) which was present in the case of construction of 
a gestalted unit but absent m the other lccall procedures which accounts 
for the fact that learning took place only with the gestalted imagery? 

6 Why is shift to a slightly different method of trying to remember the 
list so upsetting in some cases but not in others? Are there types for 
which such shifts me relatively easy or hard? Again it must be remembered 
that type of stimulus, type of recall, desire to learn, number of lepetitions, 
knowledge of success or failure, etc, were the 9amc for trial "n/ J which 
showed large success and the next tnal, "w+1,” m which, with a slightly 
different method of listening, the subject completely failed What nature 
of learning would correspond with such a striking possibility of disorganiza¬ 
tion ? 

7, Should the Jnw of primacy and finality be re-stated to emphasize the 
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condition that it is only when a series constitutes a sort of unit with be¬ 
ginning and end that these positions aie especially favorable to recall? Is 
it genei ally true both in perception and m recall that certain positions, in 
relation to the structuie of the whole, "stand out” while others are 
easily overlooked? 

8 * Why do some words (eg, those that refer to the private life of the 
subject) have such an extinordinaiy potency for recall? 

9, Is there some explanation other than the fact of few cases upon 
which to base a judgment for the discrepancy between Lcwin’s observa¬ 
tions and these here reported? If it be a law that accompanying motor 
expressions like check marks facilitate recall then it should appear in each 
case, Why did it not in these tests? 

10 , Under what conditions does a pleasant association with S strengthen 
the tendency to recall S? Here it seemed a handicap Is this related to 
the disorganization of the noticing and lemcmbering process which lias 
several times been suggested by our facta? 

11 Why is the gestalted figuie so much more vivid after 24 hours than 
the impressions made by the woids reacted to in other ways? What is the 
meaning (in physiological reaction) of a "vivid” experience? 

12 What pnnciple of oiganization in the operation of the central nervous 
system would account foi the fact that similarity in meaning is more potent 
than similarity in sound or contiguity in time or spnee? 

13, Would American psychologists learn mote important things more 
quickly if more attention weie given to detailed analysis of a few cases 
in simple situations? 

Teacheis College 
Columbia Univetsily 
New York Ctiy 

SHALL THE LEFT-HANDED CHILD BE TRANSFERRED? 

C, E Lauterbach 

In spite of the furor incident to the discovery of individual differences, 
the obvious answer to this question ha9 not received the consideration it 
merits The positions taken by both psychologists and doctors of medicine 
(to whom the question is often put) are usually extreme—either that all 
left-handed children should be transferred, or that none should be trans¬ 
ferred, Such an attitude ignores the fact that there aie many degrees of 
handedness ranging from dominant left-hnndednc99 thiough ambidexterity 
to dominant right-handcdncs9 Whether or not a left-handed child shall 
be transferred depends upon the paiticular child and implies scientific 
diagnosis Aa will appear later, this diagnosis should involve four funda- 
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mental items: (1) the degree of handedness, (2) the type of personality, 
(3) motivation, and (4) method 

A discussion of the question assumes transfer to be desirable. "Does 
the fact that you are left-handed cvci inconvenience you or cause you 
embarrassment?” was put to 160 left-handed individuals with the following 
result: 


Response 

Frequency 

No 

77 

Yea 

61 

Very little 

3 

Not yet 

2 

Too young to answer 

8 

No report 

9 

Total 

160 


Among those who said "No” quite a number had learned to perfoim certain 
acts with the right hand, a tacit admission of hnndicap The extent to which 
left-handedness is felt to be an embarrassment or an inconvenience probably 
depends upon the individual's vocation Many left-handers admit no 
handicap, and some feel quite "set up in the world" because of their ex¬ 
treme deviation from the average. 

The situations in which embamassment and inconvenience are experienced 
are too numerous to catalog here but those most frequently mentioned are 

TABLE 1 

Showing Mean Standard Indexes in Penmanship Arranged by Handedness 

Indfx Groups 

Group I represents those who have successfully transferred in penmanship 
from the left to the right hand; Group II, those who attempted transfer 
but failed, Group III, those who have always wntten with the left hand 
and have never attempted transfer, Group IV, those who have always writ¬ 
ten with the right hand, The Standard Index is found by multiplying 
Quality by Rate. ,Thc Standard Index for Grade VII is 1125 (12,5 x 90 
on the Kansas City "Scale) 


HI* 

Gioup IV 
/ SIf 

Group I 

f si 

Group II 
/ SI 

Group III 
/ SI 

Total 

0-19 



40 

616 

91 

674 

90 

537 

221 

20-39 

1 

240 

55 

738 

38 

1 673 

25 

700 

119 

40-59 

4 

760 

43 

731 

12 

576 

9 

552 

68 

60-79 

39 

765 

14 

819 

3 

867 

2 

601 

5S 

80-99 

459 

860 

11 

752 

2 

750 

2 

868 

474 

Meaner 


854 


71+ 


669 


578 



*IIandedneas Index, 
fStandaid Index 

^Found by multiplying Mean Rate by Mean Quality 
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eating and writing With rcfcicnce to writing thcic is evidence that 
changed-hand writcis (i.e., from left to right) are better penmen than un¬ 
changed wliters Table 1 reveals such a tendency, Nine hundred forty 
specimens of penmanship were studied, aitanged nccoidmg to Handedness 
Index groups. Each specimen was sealed with the "Kansas City Scale for 
Measuring Handwriting/’ and the final quality score assigned to each 
specimen was the avcinge of scores assigned by three different judges. 
In the table, rate and quality scores have been combined into a Standard 
Index found by multiplying the mean rate score of each group by the mean 
quality score of each group The mean Standard Index (the last low of 
the tabic) indicates that Group IV, the natmal right-hand writers, with 
a mean Index of 854-, are the best penmen The transfers, Group I, with 
an Index of 714, arc next best, Gioup II, left-handcis who attempted 
transfei but failed, with an Index of 669, rank third Group III, the 
left-handers who have never attempted transfer, with an Index of 578, 
rank lowest On the average the left-hand writeis who have never at¬ 
tempted transfer are the poorest penmen. The changed-hand wiiters are 
the best penmen of the three left-handed groups. 

The most striking fact brought to light by the data is that those left¬ 
handers who attempted tiansfer but failed write bettei than the left- 
handcis who nevci attempted transfer It looks as if the intensive study 
necessitated by attempted transfer, even though unsuccessful, has resulted 
in considerable cross education The findings icfute the popular cuticism 
that the attempt to change a left-handed writer "spoils” his penmanship. 

It should be noted that these general findings represent trends and that 
there are some exceptions Whether or not the data will hold for a school 
population remains to be demonstiated The mean age of the 940 cases 
is 20,8 years, which means that the group as a whole contained many adults 
The Standard Index for the seventh grade (according to the Kansas City 
Scale) is 12 5 x 90, or 1125 The highest Index achieved by any type group 
is 854. It is probable that this low Index is due to the number of adults 
in the population studied 

A scale for mcasuiing handedness and yielding a Handedness Index 
(HI) is described in (1) In Table 2 of this study HI J s for a total of 1061 
cases are shown, distributed according to wilting habits The significance 
of the tabic, from the standpoint of diagnosis, lies in the percentage of 
successful transfeis m the several III gioups (column 7) In the first III 
gioup, 0-4, in a total of 29 attempts at tiansfer, none were successful In 
the HI group 5-9, in a total of 40 attempts, 14, or 35%, were successful In 
the next gioup the peicentagc uses to 50 The chances of successful trans¬ 
fer tend to increase with the HI 

The data seem to indicate that a child with an HI of 0-4 cannot be suc¬ 
cessfully transferred In the case of a child with an HI of 5-9 the chances 
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TABLE 2 

Distribution of the Handedness Indejc Grouped According to (I) Suc¬ 
cessful Transfer in Penmanship trom Left to Right; (II) 
Unsuccessful Attempt at Transfer; (III) No Attempt 
at Transfer; (IV) Natural Right-Hand Writers 
An Index of 0 represents complete left~handcdness (as in the case of the 
amputation or paralysis of the right aim) ; an HI of 50 represents ambi¬ 
dexterity; an HI of 100 represents complete right-handedness 


Index 

Right-hand 

writers 

IV I 

Left-hand 
tv nters 

II III 

Total 

Percentage 

transfer* 

0-4 



29 

3+ 

63 

00 0 

5-9 


14 

26 

54 

94 

35 0 

10-14 


2 + 

24 

25 

73 

50 0 

15-19 


17 

23 

11 

51 

42 5 

20-24 


19 

19 

11 

49 

50 0 

25-29 


32 

10 

10 

32 

545 

30-34 


15 

11 

10 

36 

57 6 

35-39 

1 

16 

6 

7 

30 

72,7 

40-44 

1 

16 

7 

4 

28 

69 5 

45-49 


15 

3 

S 

23 

83 3 

50-5+ 

2 

11 

2 

2 

17 

34,6 

55-59 

1 

8 

1 


10 

88 8 

60-6+ 

S 

5 


1 

1 + 

100 0 

65-69 

7 

9 

2 

1 

19 

818 

70-74 

9 

3 

1 


13 

75 0 

75*79 

17 

4 


2 

23 

100,0 

80-8+ 

42 

4 


2 

48 

100 0 

85-89 

83 

4 


2 

89 

100 0 

90-9+ 

101 

5 



106 

100 0 

95-00 

240 

2 

1 


243 

66 6 

Total 

512 

203 

165 

181 

1061 



♦Groups I and II 


are ten to three against successful transfer In the case of a child with 
an Hi of 10-14 the chances are fifty-fifty In the case of HPs of +5 or over 
the chances are decidedly in fnvor of successful transfer 

The degree of handedness, then, is an important factor in diagnosis 
Furthermoie, it is one of the factors which can be meaauied with a reason¬ 
able degree of reliability 

A stud} of the methods used in trying to bring about transfer sheds 
further light on this problem* Table 3 shows such data in the case of 356 
individuals Undei training were included the requirement of right-hand 
writing by the teacher, persistent changing of pencil and other tools (spoon, 
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TABLE 3 

Showing the Frequency with Which Various Methods Were Used in 
Effecting Transfer in Penmanship in 356 Cases of Left-IIandpdness 


Method 

I 

If 

Total 

Percentage 

1. Unconscious transfer 

8 

1 

9 

2 

2. Training 

109 

110 

219 

62 

3 Punishment 

49 

48 

97 

27 

4- Rewinds 

3 

3 

6 

2 

5 Accident 

4 

2 

6 

2 

6 . Voluntary transfer 

2 

1 

3 

1 

No report 

14 

2 

16 

4 

Totals 

189 

167 

356 

100 


TABLE 4 

Showing the Distribution of 37 Cases or Speech Disorder in a Total of 
1061 Cases of Handedness Grouped According to the Methods 
Uspp in Effecting Transfer 


to 
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0 
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3 

a 

u 

ja 

in 

fl 

Uh 

rt 
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H 

£ 

& 

f 

2 

12 
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5 

32 

38 
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2 
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Oi 

a 

8 

O 


a 

22 


rt 

o 

£ 


1 

3 


H 


37 

100 


etc) to the right hand, peisunsion, explanation, and encouragement Sucli 
methods were frequently used and were often combined with outright pun¬ 
ishment Undoubtedly some instances listed as training would be classed as 
punishment if all the details were known 

The extent to which punishment was resorted to as a means of securing 
transfei is significant. Table 3 shows that in 27% of the cases studied 
punishment was used as a corrective Table 4 shows that among cases of 
speech disoider which involved transfei (columns 1, 2, and 3) punishment 
was used in 50% of the cases, The nature of the punishments employed is 
indicated by the following list 

1 Tying gourd over left hand, wrapping cloth over left hand, com¬ 
pelling the wearing of a mitten 

2 * Tying left hand behind the back, tying fingers together 

3, Cuffing, slapping, spanking, whipping, boxing cais, cracking the 
knuckles with a luler. 

4, Ridiculing, scolding, threatening. 

5, Leaving the table, sending to bed, confining in closet 

6 , Keeping after school, giving low grades for work wiitten with the 
left hand, refusing to accept work done with the left hand, doubling the 
amount of practice with the left hand 
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TABLE 5 

Showing the 37 Cases of Speech Disorder in Table 4 Distributed 
According to Type 


Transfer 

group 


Organic 

Stuttering 

disappeared 

Stutter now 

Shgiit 
stoppage 
of speech 

Nervousness 

tD 

a 

Pm 

%n 

+3 

St Vitus 
dance 

Totals 1 

IV 







3 


3 

I 


3 

7 

5 

2 




17 

II 



2 

7 



1 

2 

12 

III 



2 

1 

1 

1 



5 

Totals 

3 

11 

13 

3 

1 

4 

2 

37 

Md 

HI 

28 

34 

21 

22 

30 

92 

20 

28 





TABLE 6 





Distribution or 

Speech Disorders in Relation to IIandpdness Index and 


Trans per m a Total Population 

of 1061 

Individuals 






Right-hand 

Left-hand 







wuten 

waters 




Index 


Pop 

IV 

I 

II 

III 

Total 



0- 4 


63 



2 


2 



5- 9 


94 


2 

2 


4 



10-14 


73 


1 

t 

2 

4 



15-19 


51 


1 

2 


3 



20 -2+ 


49 


1 

2 

1 

4 



25-29 


32 


2 



2 



30-34 


36 


2 

1 

1 

4 



35-39 


30 





0 



40-44 


28 



1 


1 



45-49 


23 


3 


1 

4 



50-5+ 


17 





0 



55-59 


10 


1 

1 


2 



60-64 


14 





0 



65-69 


19 


2 



2 



70-74 


13 





0 



75-79 


23 


1 



1 



80-84 


48 





0 



85-89 


89 

1 




X 



90-94 


106 


1 



1 



95-00 


243 

2 




2 



Totals 


1061 

3 

17 

12 

5 

37 
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The nature of (he speech disorders encountered, m a total of 1061 cases 
is shown in Table 5 The median HI of this group is 28 In Table 6 all 
cases of speech disoidcr arc grouped according to HI. Seventy-six pei cent 
of the cases have Ill's of less than 50; +6% have Ill's of less than 25 
These two tables seem to indicate that the majority of speech diaoiders 
are con elated with low Hi's Just what the explanation for this fact may 
be docs not appear from the data. An infcicnee, however, is here ven¬ 
tured, Reputable authorities suggest that most cases of stutteiing arc 
caused by nervous instability. As indicated above, Table 4 shows that, in 
50% of the speech-disorder cases involving transfei, punishment was used 
as a corrective The effect of these punishments cannot be appieciated 
by anyone who has never heard the wail of the unsuccessful transfer The 
conflicts that often take place are suggested by the following comment 
from a man sixty-iive years of age Even aftei a lapse of three-score 
yean resentment and emotion manifest themselves “My teachers made 
me miserable, I suffeied much too much punishment and abuse from so- 
called teachers who could hardly wute their names. The results neaily 
drove me from school/’ This subject's HI is 20, He reports no speech 
disoiders But if, as may not infrequently happen, wc impose such methods 
upon a timid, "nervous” child lacking in self-confidcnce and motive, we 
have an ideal situation for speech disorders It is not the transfer pa se 
•which causes stuttering but the methods imposed upon a pm had at type of 
personality Any other finely coordinated activity fuiccd by similar methods 
•would bring about the same unfortunate result. 

The importance of motive in learning is too well understood to warrant 
discussion here. However, that this factor has been sufficiently stressed in 
accomplishing transfer is doubtful In the case of amputation or paralysis 
transfer is always effected and, so far as the author has been able to deter¬ 
mine, without consequent speech disorders. The motive is compelling in 
such cases At Bluefield, W. Va, at the suggestion of the author, a group 
of high-school students formed a “Southpaw Ciub” to meet their extra- 

TABLE 7 

Showing the End Scores of Four Lpft-Handed IIigh-School Students 
Learning to Write with the Right Hand 
Scoies are in teims of Standard Index Norms are, foi the 4th grade, 696, 
5th, 799, 6th, 943 , 7th, 1125 


Students 

End test 

Score 

End test 

Scoie 

A 

First 

+05 

79tU 

869 

B 

First 

518 

43 rd 

755 

C 

First 

228 

72nd 

664 

D 

Fiist 

273 

75th 

970 
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cuniculai requuemeilts The Club studied problems of handedness such 
as heredity, transfer, left-handedness in literature and art, etc, Four of 
these students undertook to lea in to write with the right hand. Though 
habitual right-hand wuting habits were nut established, the results, shown 
in Table 7, indicate what a well-de/incd motive can accomplish The 
learning cuive of Student D, covering 95 practice periods (moie than three 
months), is shown in Figure I Furthermore, in dealing with left-handed 
children, it haa been demolish uted to the author's satisfaction that bunging 
the left-handed pupils of a school together in a special group foi penman¬ 
ship instruction stimulates interest and competition and facilitates transfer. 

The answer to the question pioposed in the title to this article probably is 
that 

1 If the Handedness Index is not too low, say 25 or better, 

2 If the child is aclf-confidcnt, bold, aggressive (not timid, fearful, 
nervous) , 



FIGURE 1 

Tub Practice Curve of a Left-handed IIigh-Sciiqol Girl Learning to 
Write with the Right Hand 

Her Handedness Index was 1; her age, 19 The horizontal axis represents 
scores in terms of Standard Index This girl’s Standard Index foi the left 
hand was 1197 The norm ior the seventh grade is 1125 
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3. If coercive methods are avoided and intelligent, informed supervision 
19 provided; 

4 If a strong sustaining motive can be developed, tianafer can be under¬ 
taken to the advantage of the child with a reasonable expectation of success 
If one or more of these factors are lacking, transfer should be undertaken 
with caution 
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APPARATUS AND TECHNIQUE FOR THE STUDY OF DISCRIMINA¬ 
TION IN THE HIGHER VERTEBRATES 

K U. Smith 

In connection with a series of experiments on form discrimination in the 
cat, the apparatus shown in the accompanying diagram has been found to 
be well suited for the study of visually determined responses of this animal 
The apparatus consists of a box 48 ins long, 18 ins wide, and 20 ms, high, 
painted flat black. Two doors (c and c'), mounted in the front panel, 
swing inward by means of springs attached to their rear sides Thcii 
front sides are fitted with grooves JiHo which cards bearing various types 
of visual stimuli may be easily inserted oi removed Inside the box, directly 
below the doors, is a shelf (tf) for food containers. This shelf is go con¬ 
structed that the doors may swing inward without coming into contact 
with the food containers placed immediately behind them, At the back of 
the shelf and to the right and left of the doois ate paititions which form 
the enclosures {d and d?) f into winch the animal thrusts its head, The 
doors arc held tightly closed by spring latches (/ and /'), to which are at¬ 
tached small biass levels (a and a f ) that extend 4 ins. outward from the box 
and terminate in circular brass plates of a size ample to accommodate the 
paw of the animal The cat obtains the food placed in the containers by press¬ 
ing down one of the levers and then thilisting its head thiough the apeiture 
of the opened door Either door may be locked by the sliding master-latch 
{g) } and the animal may be punished for pressing either lever by the shock¬ 
ing circuit at the rear of the apparatus 

During experimentation the animal is alone in the room with the appmn- 
tus, observations and motion pictuies of its behavior being made from an 
adjoining room thiough a small opening in the dooi The box is placed 
along one of the walls of the room and is illuminated by flood lights from 
the opposite wall The cat is first trained to obtain food merely by pressing 
the levers and thus opening the doois, Training with visual stimuli is then 



WAV VI 


SHORT ARTICLES AND NOTES 


+63 







464 


JOURNAL OF GENETIC PSYCHOLOGY 


begun. Ill the course of this haimng the animal learns, when ieleased from 
a restraining cage placed 8 ft in front of the apparatus, to approach and 
press the levers with reference to the stimuli displayed on the doors If, 
in any trial, the Ievei pressed is "correct” for that trial, the dooi opens 
and the animal thrusts its head inside the bo* and obtains the food If 
the lever pi cased is "incorrect” for that particular trial, the animal receives 
a slight shock from the cucular brass plate Aftei it has obtained the food 
cithei by going directly to the correct door, 01 by getting a shock and then 
going to the correct door, it is returned to the restraining cage and the 
procedure repeated. Alteinations in the position of the positive or "cor¬ 
rect” stimulus are made constantly and 11 regularly Food is placed behind 
both doors. 

The apparatus is constructed of 54-in, soft pine, except where otherwise 
indicated, and has a hinged top which may be made to remain open by 
means of a sliding catch The front panel is made of 54‘* n pressed wood 
The two apertures (b and b f ) are 6}4 ins square and are framed with pine 
strapping, 1/8 in. thick and 1/2 in wide Their centers are 23ins. apart, 
nnd their lower edges are raised 654 ins, from the floor Below these largci 
apertures, and framed in the same manner, are two smallci openings y 2 in. 
wide and 4 ins high Extending through these smaller openings from the 
inside of the box are two levers {a and a'). They consist of J^-in square 
brass rods, 12j4 ms* long, to the outei ends of which arc screwed 2j4-in, 
circular brass plates, fitted on their under sides with small pieces of wood 
2 ins, by 2 ins, by l / 2 In The pinions (h and A') serve as fulcrums to the 
levers, which are held to the top of the smaller apertures by spungs inside 
the box. 

The door9 (c and c') which cover the larger openings aie 7J4 ins, square 
and fitted along their edges with giooves made by overlaying I/8-m.-by- 
l/2-m strips of wood. These grooves open at the top for convenience in 
inserting the stimulus caids, winch aie 6% ins square 

The shelf (*) which is 7 l / 2 ms wide and 35 ins long, extends across the 
inside of the box 2 ins. below the lowei edge of the larger openings, and 
4 ina, above the floor of the inside of the box It is mounted between two 
end-pieces, 754 ins. wide and 654 ms high, and rests upon two other pieces 
of wood, hard pine, as shown in Figure 3. Rectangular sections, 54 in. 
by 3 y 2 ins , are removed from the hard pine pieces to accommodate the levers, 
which are arranged as shown in Figure 4 A board of the same length as 
the shelf, and 8J4 ins wide, is mounted along its real edge, while two 
boards, 754 ins by 5 y 2 ins, are mounted on the shelf at the center Bide of 
each of the doors Rubbci stops aie so placed on the end-sections of the 
shelf that neither of the doors can swing through an angle of more than 
45 degrees Thus, when either door is open, as shown in Figure 3, one 
of the enclosures, d or d\ is foimed, into which the animal may thiust only 
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its head and fotebody, the intcrioi paits of the apparatus remaining always 
hidden fiom the animal's, view 

Immediately below the doois on the inside of the fiont panel are the 
spring lalrhes (/ and f), their catches being screwed to the lower edges 
of the doois The blunt ends of the latch plungers me drilled and fitted 
with small hooks, as ate the lcvei rods at a point just inside the front panel 
Small spimgs of slightly greater tension than that of the latches are 
attached to these hooks, Thus the dooi can be opened at the first touch 
of the lever, though the levels can be pressed down to the fioor. The 
master-latch (<?), which determines which door the annnul limy open, is a 
sliding strip of oak Yi in, by 18 ins, mounted in gioovcs in the cross 
pieces of the shelf, as shown ui Figmes 3 and 4 

A shocking device dcscubed by IIowclls (1) has been modified to suit 
this apparatus ( T2 ) is a Toid spark-coil with the interrupter crossed. 
The secondly lead-off from the trnnsformei {Tl) is 5J4 volts. The elec¬ 
trodes of the shocking circuit arc the biass lcvcis, a and a\ and a 9 heet 
of gnlvanwed non, 2 ft by 4 ft, on which the cat stands, in front of the 
box, 

With this appai ntus and technique, and using a very sbglu electric shock 
introduced between the 150th and 200th trials, discriminaioiy responses 
have been developed in nine cats. Two animals learned to discriminate a 
4-in, white elide fiom a white tnnnglc of equal area, both exhibited on 
black cards, with 70 and 78% of collect responses respectively in the last 
25 of 200 tnais The cxpciimcne was then tcmpoinnljr discontinued 
because of the tciminnlion of the school year. Three additional animals 
have since been trained to visual stimuli displayed in the doors of the 
appaiatus. Two of these animals were trained to discriminate a 4-in 
bhek elide from a bhek mangle of equal aica, both exhibited on white 
caids, and required 300 and 900 trials icspcciivcly to reach 90 to 100% 
correct choices of the triangle in a set of 25 tuals The thiid animal, trained 
to icspoud to a 4-in white circle and a white tiiangle of equal area both 
exhibited on black cm da, requited 400 tuals to reach 90 to 100% correct 
choices of the triangle in a set of 25 mala Check expci unenta run on 
these three animals showed the responses to be dcteimined by the stimuli 
displayed in the doors of the appai atu* Four additional animals have 
recently been trained to respond to a 4-in white circle and a triangle of 
equal area displayed in the doois These animals were not punished by 
electric shock for an “incorrect” response to the circle, From 90 to 100% 
cmiect discrimination of the triangle in a set of 100 trials has been estab¬ 
lished in these .iniinnls within 500 trials Check experiments me now 
being curried on in the ease of these four animals All cats so far em¬ 
ployed m the expel uncut have readily learned to manipulate the apparatus 
and to show the picscncc of visual responses to the stimuli displayed in 
the doors. 
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The results obtained indicate that this appaiatus has the advantage, not 
only of eliciting a definite response which can be demonstrated to be a 
function of the visual stimuli presented, but also of pioviding geneial 
cxpenmcntal conditions that are easily contioiled Olfactory influences, 
for example, are controlled by placing food behind both dooi9, by alter¬ 
nating the position of the stimulus cards independently of other parts of 
the apparatus, and by exchanging used foi fiesli cards during experimenta¬ 
tion, Auditory cues and extraneous cues from the experimenter are ex¬ 
cluded since the cat itself manipulates all movable parts of the apparatus 
when making its discrimination, and since the animal is alone in the room 
from the moment of its release to the moment of obtaining food The only 
sliding door used, that which icleases the animal from the restianting cage, 
is controlled from outside the 100 m. 

This apparatus, it is believed, can be leadily adapted to studies in dis¬ 
crimination of brightness or of auditory stimuli in a vaucty of the higher 
vertebrates, paiticularly those dextrous in the use of their forepaws 
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FOURTH- AND FIFTH-GRADE STANDARDS FOR PHOTOGRAPHIC 
EYE-MOVEMENT RECORDS 1 

Aivin C Eurich 

The usefulness of photographic eye-movement records for elementary- 
school pupils would be enhanced considerably if adequate norms for the 
various grade groups were available From the records obtained at the 
present time it is difficult to state whether the measmes for a particular 
child are equal to the average, the pooiest scoie, or the highest score for 
his giade Furtheimorc, when records are secured at several institutions, 
not only the reading matter but the style and swe of type together with 
the length of lines differ enoimously As a result it is impossible to accumu¬ 
late recoids and build up a set of standards comp a i able to those ordinal lly 


*The writei 19 indebted to the Graduate School of the Umvcisity of Min¬ 
nesota foi financial aid to conduct this study, to Alice Albeit Euiich for 
photographing the eye-movements of the entire group, and to Mr H C 
Cooper, Principal of the Tuttle School, foi his constant willingness to co¬ 
operate in studies of this type 
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arranged for the better achievement tests. The results reported in this 
paper icpresent one attempt to piovulc more adequate standaids for pho¬ 
tographic eye-movement rccoids of cleincntaiy-school children 
Thioughout the spnng of 1932, pupils in the 4A, 513, rmd SA grades at the 
Tuttle Elementary School in Minneapolis were transported in gioups of 
from four to seven to the Uiuveisuy of Minnesota campus where their 
eyc-movemcnts weic phologi nplied while they read the following three para- 
ginphs 

I He had in his house a housekeepci past foity, n niece 
under twenty, and a lad for the field and market place, who 
used to saddle the hack as well as handle the prunrng fork. 

The age of this gentleman of ouis was bordering on fiftyj he 
was of a liauly habit, spare, gaunt featured, a veiy early riser 
and a great sportsman 

II Ants live m lulls oi nests made of sand or dirt Many 
ants work together to make one nest or ant city One ant hill 
has often ns many as two hundred houses A nest is sometimes 
a tunnel in the enitli and sometimes a large hill with hallways 
undci the giound 

III 1 hey went across the hall to a door at the back of the 

house. It opened bcfoie them and disclosed a long, bare, 
melancholy room, made baici still by lines of desks At one 
of these a lonely boy was reading near a feeble fire; and 

Sciooge sat down upon a form, and wept to see his pooi foi- 

gotten self as he had used to be 

Paragiaplis I and III weic printed in twelve-point Caslon type with 
80-mm lines Poui tern-point Caslon type nnd 100-mm, lines were used 
for Paragiaph II Immediately after reading each paiagraph the child 
was asked foui questions to dctcimine whether he understood the content 
of the reading maltci 

Arrangements weic also made to check the effect of piacticc in reading 
paragraphs undci the conditions necessary for photographing cye-movcments 
while leading Approximately one-half of the pupils read the paragraphs 

in 1-2-3 order while tlic lemnimng pupils lead the set in 3-2-1 order. It 

was possible, then, to com pare the records of the children who read Para¬ 
graph I fust in the scries with the lecords of those who read the same 
paragraph last. In othei words, a comparison was obtained between the 
records of pupils without previous practice and records secured after the 
two paragraphs had been read While the amount of practice is relatively 
small, it nevertheless affords an opportunity for the child to become adjusted 
to the sti ange conditions and for his eye to become adapted to the beam of 
light reflected from the mirroi The same type of compnnson was possible 
fot Pnagiaph III 

To make ccitain that the gjoup reading a particular paragiaph first was 
somewhat similar in ability to the group reading the- same paiagraph after 
piactice the aveiage intelligence quotients on the Prcssey Intcimediate 
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TABLE 1 

Average Intelligence Quotients on the Pressey Intermediate Classifi¬ 
cation Test ior Pupils Who Read Paragraphs I and III First 
and Last in a Serifs of Three 


Grade 

N 

First Reading 

M SD 

N 

Last Reading 
M 

S.D 

SA 

16 

118.+ 

Paragraph / 

12 3 

16 

115 1 

10,3 

SB 

14 

107 7 

12 9 

10 

110 5 

14,3 

4A 

13 

1192 

99 

9 

111 5 

14 8 

Total 

44 

115 3 

12 7 

36 

113 0 

12.7 

SA 

18 

1160 

Paragraph III 
98 

12 

119.2 

13 9 

SB 

11 

112 2 

14 4 

10 

109.1 

11 5 

4A 

11 

115,0 

14.6 

it 

1X77 

10 8 

Total 

40 

114 7 

12 7 

33 

115 6 

12 9 


Classification Test were compared (Table 1) It is clear that, as groups, 
the children are consistently above the average of a large unaelccted popu¬ 
lation since the average IQ's vary from approximately 109 to 119 In none 
of the half-grades represented or in the total group may the difference in 

TABLE 2 

Differences between Photographic Eye-Movement Records on Paragraph 
I before and after Practice 


Fust reading Last reading 
Grade Mean Mean 


5A 

Number of fixations 

73.25 

65,61 

5B 

73.40 

74 45 

4A 

97 38 

90 66 

Total 

82.68 

7+48 

5A 

Number of regressions 

15 06 

12 88 

5B 

14 75 

14 81 

4A 

24 84 

23 55 

Total 

18 21 

16 60 

5A 

Total perception time 
1049 50 

894 66 

SB 

1115 70 

1126 18 

4A 

1469.15 

1264 88 

Total 

12+3.78 

1043.58 

Average duration of fixation 

5A 

14 47 

13.60 

SB 

14.93 

14 66 

4A 

14 95 

13,72 

Total 

1479 

13 74 
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ability between the pupil* who lead Paragiaph I and those who read Para¬ 
graph HI first be designated as significant Not onl> can it he assumed, but 
it has been demonstrated, ihnt the groups arc equal in intelligence as meas¬ 
ured by the Picssey test, 

'Throughout Table 2 are presented the data showing the differences in 
eye-movement records between the groups rending Paragraphs I before and 
oftci practice As given in the tabic, the number of fixations includes all 
fixations lcgardlcss of whether they occur after a forward or regressive 
movement The total perception time has been determined from the number 
of dots on the record for Paragraph I, each dot representing 1/50 of a sec¬ 
ond In view of this fact the norma foi perception time are given in 
fiftieths of a second The nvciage duiation of fixation has been deter¬ 
mined for each pupil by dividing the total perception time by the number 
of fixations While merely the averages for these four measures aie shown 
m the table, a statistical evaluation of the differences between the two 
gioups levcaicd none that was significant A consistent tiend is evident, 
however, for the pupils with practice to average fewer fixations, fewer 
regressions, a lower total perception time, and a lower average duration of 
fixations. 


TABLE 3 

Dir i erences umvrFN Photographic Evi>-MoYr*JrNT Records on Paragraph 

III JiriOUU AND A ITER PRACTICL 


Grade 

First leading 
Mean 

Last reading 

Mean 

5A 

Numbei of fixations 
75.22 

75 60 

SB 

77 1+ 

68 20 

4A 

niz 

91 81 

Total 

80.48 

78*34 

5A 

Number of / egressions 
16 77 

17.46 

SB 

17 1+ 

12 70 

4A 

22,00 

22 81 

Total 

18,53 

18.29 

5A 

Total fieicepiion time 
972 22 

1022 60 

SB 

1096,42 

980 30 

4A 

1371 27 

1309 36 

Total 

1013 35 

1083 55 

Average duration of fixation 

5 A 

12 89 

13 52 

SB 

13 91 

14,10 

4A 

13 12 

13 99 

Totn 1 

13.42 

13 88 


The figures in Table 3 for Paragraph III aie similar in showing no 
significant differences between the groups although the trend is not as 
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consistent ns foi Paragraph I For example, the 5A gioup reading the 
paragraph after practice obtained slightly highci nvciages for fixations, 
regressions, and perception time The net result leads to the generalisation 
that the practice in leading two paragraphs does not affeUt the avciage icc- 
ords for tile groups significantly, Whcthci more extensive practice would 
alter this deduction is a query that awaits further sLudy 
Caieful scrutiny of Tables 2 and 3 will reveal that, in general, the records 
improve definitely from Grade 4A through Giadc 5A In time, therefore, 
as the number of cases accumulates, it will be advisable to establish 
separate noims for each half-grade For the piesent the averages in these 
tables will serve aq tentative standards for the separate grade groups, while 
the figures in Table 4, summarising the records of all children who lend 

TABLE 4 

Fourth- and Fifth-Grade Norms of Eyf-Movement Records on Paragraphs 

I, II, and III 


Total perception Average dura 
Fixations Regiessions time tion fixation 


Paragraph I (N=78) 


<T 

93 06 

23 74 

1352 33 

16 03 

Md 

76 07 

16 06 

1065 02 

13,88 

Q* 

62 65 

10 31 

825 50 

12 72 



Paragraph II (N= 

-85) 


<T 

77 90 

23.19 

1078 84 

13 99 

Md 

67.89 

15 66 

855,04 

12 64 

Qi 

56 66 

9 69 

690 62 

11 51 



Paragraph III (N- 

=73) 


q 3 

92 75 

25 32 

1287 9S 

14 93 

Md 

7178 

16 26 

959 72 

13 50 

Qi 

6102 

9 89 

748,80 

12 07 


the three paragraphs regniclless of ordci, will provide moie adequate norms 
for the combined grades Within this table, Q a , or the 75th peicentilc, the 
median, and Qi, oi the 25th peicentilc, arc given so that one can readily 
determine whethei a pupil is among those with the best or the poorest 
records, An illustration may clarify the use that can be made of these 
standards Presume that Peter, who is in the sixth grade, read Paragraph 
I with the following recoul total fixations, 102, regiessions, 25, total 
peiception time, 1250/50 of a second, and average duration of fixations, 
1.2/50 of a second It is immediately clcai that this child fa IN within the 
highest fourth of the combined-grades gioup in numbci of fixations and 
regressions A veiy inferior rccoid is revealed thereby since presumably 
the greater the number of fixations and iegressions, the less efficient is the 
reader In total peiception time Petei is above the median but docs not 
reach Qa, while in average duration of fixations he is slightly below Qi 
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An interpretation of this rccoid would warrant the generalization that 
Peter's pciception of printed words o ecu is quickly whereas his perception 
span is narrow The data foi Paragraphs II and III may be used simi¬ 
larly 

Information concerning Lhc i(.liability and validity of the records has 
been published elsewhere (1, 2) In general, it reveals that the measures 
of eye-movements me usually reliable, since foi single paragiapha, which 
on the average take less than one minute to lead, the coefficients of re¬ 
liability foi fixations and regressions vary between 70 and .87, while for 
the three paiagraphs combined the reliability coefficient is above 90 For 
the average duration of fixations, the reliability is somewhat lower but 
still adequate for group measurement 

The validity of the lctoids ns measures of leading abiUty remamg un¬ 
certain For moie than thirty years it has been assumed generally that 
mcasuics of eye-movements aie the most valid indices of a child's ability 
to read In fact, this assumption baa been accepted so completely that 
practically no attention has been directed to an evaluation of the records 
When evaluated recently jn terms of standardized reading examinations 
(both rate and comprehension), achievement in school, and intelligence test 
records, the lelationships were found to be surprisingly low, It appears 
quite plausible that the conditions under which the eye-inovcments are pho¬ 
tographed ate so unlike the normal leading situations that the recoids are 
not measiucs of ability to read except under the peculiar conditions pro¬ 
vided However, the recoids improve very noticeably from one half grade 
to the next and may, theicforc, be diagnostic of definite matuiation or lack 
of growth in some significant trait, If further studies prove that photo¬ 
graphic eye-movement records have value in diagnosing a pupil’s difficulties 
even though the relationship to stock leading tests is low, then the writer 
plans to establish norms tluoughout as wide a range of grades as possible. 
Until then such records must be used cautiously even with the tentative 
norma reported heiein 
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A STUDY OF FRIENDSHIPS AMONG ADOLESCENT BOYS 
E, Dl Alton Partridgf 

Early attempts by psychologists to explain gioup formations and activities 
were in tcrni9 of the gregarious instinct According to this theory, humans, 
like many of the other higher animals, have an inherited disposition to prefer 
association with othei members of tlicii own kind This instinct, it is 
claimed, finds expression in the gioup activities common to man the world 
over. Societies, tubes, secret ordcis, etc,, arc all the lcsult of man’s desire 
to be with his fellows, thcieby satisfying this inborn uige, Volumes have 
been written outlining the r&le of instincts m human relationships Un¬ 
fortunately, this hypothesis left the problem at re9t foi some time and little 
progress was made in the actual obseivation of groups and the mannei in 
which they operate, 

Still another attempt at explanation of these collective human 
phenomena me the sociological laws of Thomas and Znnmccki (7, pp. 72- 
73) These authors catalogue human social activity into various wishc9 
Among those listed are the well-known four as follows the desire for new 
experience, foi recognition, for mastery, and the desire for security Like 
the instincts, these “laws” do not explain for us how individuals choose their 
associates An earlier wntci, Giddinga (5, pp 17 if.) ascribes this tendency 
to "consciousness of kind" and suggests that this acts upon human society 
to create cultural, political, and racial gioups. The latter-mcntioned theoiy 
seems to be neater the truth It may or may not be true that human society 
is founded on basic urges or instincts of the oiganism—but we should know 
in addition to this why certain people prefer the association of ceitain other 
individuals. What is back of the selection of friends and associates? 

It is comparatively recent that experimental psychologists, not satisfied 
with the explanation offered by the instinct hypothesis or social laws, have 
been making studies on the nature of the group and the individual ns a 
member of it Most of these studies have centered around child ten of 
school or preschool age Space will not permit a suivey of all these studies 
at this time, but it is quite impoitant that we outline the implications they 
have made We shall not be concerned about proving or displaying the 
instinct hypothesis We are concerned about the underlying causes of 
certain group formations It seems hardly necessary to justify the assump¬ 
tion that human beings do settle into small groups, Thrasher (8) in his 
study of gangs in Chicago found no less than 1313 different groups, most of 
them composed of adolescent boys These gioupa weie definite enough in 
most cases to have names and recognized leaders, Each of these groups 
repiesented a source of common knowledge, common attitudes, and common 
reactions. What were the underlying causes of the members of these groups 
seeking each others companionship? 
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Buhlei (2) has assembled many interesting and significant studies o£ 
social bchavioi in children She presents evidence that social bchnvjor 
manifests itself as early ns three momhi Results from German, Austrian, 
Russian, and American observers show that there is a tendency for chiidien 
of all ages to move in groups of various shea—the size of the group and 
the definiteness of its organization dependent upon the ages of its members. 

Furfey (4), attempting to ascertain the reason for friendships among boys, 
set about to me a sine seven different factors in the choice of companions 
These factors included giadc location, neighborhood, ehionclogical age, 
mental age, developmental age (or social maturity), height, and weight 
One interesting fact brought out was that boys chose, nearly always, other 
boy* from their own neighborhood oi class nt school, In fact, only one 
pair of boys of the 62 pairs studied were not of the same neighborhood or 
class at school While he found correlations ranging from 22 to 39 among 
the individual characteuatic9, he concluded that the essential condition for 
the formation of friendships is the classroom oi the neighborhood Within 
the same neighborhood, however, the boys seemed to choose others of the 
same age, size, intelligence, and maturity. 

Anothet study by Warnci (9) of the influence of mental level in the de~ 
termining of boys 1 gangs showed that the boys (littered much more in 
cluonological than they did in mental age The mean variation of chrono¬ 
logical age was twice as great as that of mental nge While it was found 
tiue that pioxirmty of homes, common experiences (such as selling papers), 
and othci factois did bring boys together, it was really the mental ages that 
kept them together It wag quite evident from this study that social stand¬ 
ard^ experience, and education do not affect boys as much as adults m the 
choice of their companions, 

Williams {11) reports that, according to the reasons stated by 84 boys, 
they choose friends because they "aic full of fun,” "fan and square/' 
“friendly," "have done things for them," “are good spoita/' "athletes" 
“stick to you/ 1 "live near/’ "are quiet," “good boys/ 1 "help in trouble," etc. 
IIis study also brings out the tendency to select boys of the same chronologi¬ 
cal and mental age. While it is questionable whether we can rely on the 
boy's own interpretation of why he selects other boys for his fu'ends, it is 
interesting to note how many of the factors mentioned have been corrobo¬ 
rated in rcseaicli 

Similar studies by Almack (1) and Detroit Teachers College (3) tend to 
confirm the previously mentioned investigations with varying stress on the 
importance ot intelligence ns a taetoi A moic objective study lias been 
leported by Wellman (10) who observed closely the chiidien who were seen 
together ovei a period of five months at Lincoln School, Teacheis College, 
Columbia Univoisity Twenty-seven pnjrs of gnls and 29 pans of boys 
weie ariived at m this manner and compared in regard to chionologicul 
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age, mental age, intelligence quotient, scholarship, extroversion, height, and 
physical achievement. The gii Is were found to he more alike in scholarship 
and less alike in height, while boys picked friends of then own height and 
intelligence quotient, but less alike in mental ngc, extioveision, and 9cholni- 
ship 

IIrutslioi 11 c and May (6) found in ihcii studies of character that pupils 
confoi med more nearly to the stninlaid of their own circle of friends than 
to that of any other group, that is, than to their home background, their 
parents, or their teacheis Eitlici children of like conduct associate togethei 
because of the fact that they arc alike and therefore congenial or they 
become alike by association The othei studies outlined would indicate 
that the formei is true, namely, that children of like moral standards find a 
common liUcicst in each other 

The present study is one made in a summei camp foi boys ranging in 
age from 12 to 17 years The summer camp offers an unusual oppoitumty 
to study the natuic of social groups, The campers aie in relatively close 
contact with each other foi many days They have ample opportunity 
to observe each other in many diffcient situations and, as a result, the 
choices of friends are made culminating many diffcient common experiences 
The matLer of chance acquaintance is laigcly eliminated in such an environ¬ 
ment especially if the boys are in camp togethei for several weeks In 
the present cose the minimum period of attendance was for two weeks 
Seventy-two of the M2 boys were in camp for a month ol moic 
The first two days in camp the boys were told to shift about and to find 
the group they wished to be associated with while in camp They were 
told that the entire camp would be divided up into groups of eight boys 
These groups were to select then own leaders from their number and were 
to eat together, sit at the council fire together, and in various ways be made 
conscious that the group was an administrative unit At the end of two 
days the permanent groups were foimcd and the boys remained in the gioup 
of their choice for the rest of the week, when they weic allowed to change 
if they desned This procedure was followed throughout the summer and 
careful record was made of the composition of the groups It can be seen 
that during his stay in camp each boy had ample opportunity to shift about 
untiJ lie found a congeim] cio wd 

During the camping season each boy was given the Army Alpha Group 
Intelligence Test An analysis of the scores made by the campers show 1 ! 
a distinct tendency foi the boys to shift to their own mental level in select¬ 
ing a group (or in the gioup selecting him as was often the case), As will 
be seen from the accompanying table, the aveiagc score foi the group on. 
Army Alpha was 112; the SD was found to be 31+ for the entne gioup, 
indicating a wide variation in scores* The lange was unusually wide, 
being from 3+ to 190 
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TAME 1 

ANAnsfs oi Group Fokmaiions in a Summir Camp 1 or Bovs, Giving Acns 
in Months, Score on Army Aipjia > and Size of Groups 
Total IUiyi in Study 142 


Group 

Si/c 

Army Alpha 

Mcjn S D, 

Age in months 

Mean S D. 

Eninc 

H2> 

1122 

31 V 

1681 

15,5 

1 

8 

129 1 

37 l* 

1718 

17.4* 

2 

7 

J00 I 

28 6 

155.6 

15,9* 

3 

9 

109.9 

25 2 

162,2 

15,2 

4- 

7 

112 0 

12 8 

162 7 

108 

5 

8 

118 5 

365 

176 4 

19 S* 

6 

9 

108 6 

30 9 

164 0 

110 

7 

6 

1122 

216 

177 a 

16,3* 

8 

8 

1158 

18,4 

162 3 

79 

9 

7 

123 7 

31 6* 

166 3 

16 3* 

10 

8 

1058 

37 9* 

172 3 

66 

11 

8 

95 8 

34 7* 

172 9 

78 

12 

8 

108 0 

15 3 

169,1 

15 0 

IS 

8 

HO 6 

25 + 

156 5 

86 

n 

8 

117 0 

18 1 

158.8 

13,0 

15 

8 

146 0 

20 8 

179 1 

30 3 

16 

8 

110.6 

26,5 

174 6 

1J 7 

17 

9 

1129 

21,4 

162 9 

7.8 

18 

8 

113 3 

30 8 

152 5 

13 0 

19 

6 

117 7 

16 1 

177 3 

36 6* 

20 

6 

111 7 

18 0 

156 0 

8,2 

21 

7 

113 5 

19 8 

iSl 4 

82 

22 

6 

115 6 

19 9 

166, 8 

17 8* 

23 

8 

89 5 

41 4* 

172 8 

113 

24 

4 

119,8 

197 

160,2 

90 

25 

6 

1017 

28.6 

164 7 

11 9 

26 

7 

133 5 

19,9 

162 5 

101 

21 

7 

120 9 

15 9 

172 7 

86 

28 

7 

1129 

27,9 

176 3 

15 + 

29 

6 

1247 

27 9 

166.2 

12 6 

30 

4 

88 2 

24 1 

177 0 

29 8* 

31 

5 

100 4 

40 6* 

375 4 

IS 3* 

32 

6 

104 0 

29 0 

163 4 

13 9 

33 

7 

125 4 

25 1 

164 0 

12 0 

34 

6 

124 + 

19 3 

171 0 

7 5 

35 

4 

112 8 

20 3 

178 2 

17 6* 

36 

4 

136 5 

27 4 

170 8 

11 9 


♦Exceeds S D foi the entire group 

fThe total of the groups does not equal this because of changes in the 
gioup personnel Some boys were members of two groups 
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It will be seen that the S D's for the small groups range from 12.8 to 414 
with only six of them equal to ot exceeding the S D. foL the entire group. 

At least two of the groups which exceeded the S D for the entire group 

can be accounted for by the fact thnt the boys were from a different town 
and, being in camp for only one period, decided to try their plight togethei 
There 19 little doubt thnt if these boys had been longer in camp this giouping 
would have given way to the selective influence of mental level 

In ordei to compare these findings with the effect of age upon the forma¬ 
tion of the gjoups, a similar analysis of the age groups was made. The 
mean age for the entire group was found to be 168 months, the S D, 15 5. 
From the table it will be seen that the smallei groups ranged from 7 5 to 
29.S in S D and that 10 of them had SJVs above that of the group as a 
whole Evidently, even as lough a measuiement ns Army Alpha is a 
better means of predicting which boys will associate together than is age 

A survey of the means foi the smaller groups indicates the wide vanation 

there, and is another indication of the tendency for like to seek like mentally 
As a further check on the tendency for boys to select other boys of their 
own mental level, a tabulation was made of the boys’ best friends during 
camp as icpoitcd by them at the close of camp. Each boy was asked to list 
three other boys he “chummed” with in camp A check was then made to 
see which of the boys were "mutual” in their selection of friends, that is, 
which of them named each other It was thought that this would help elimi¬ 
nate the factor of popularity. Computing the Pearson pioduct-moment 
correlation for these choices it was found to be 4285 for scoic on Army 
Alpha. In the matter of nge the correlation between that of a boy and the 
friend he listed was found to be 3721 While this is not a statistically 
reliable difference it is ccitainly suggestive in light of the foregoing icsulta 
The results of these studies have n direct bearing upon educational 
methods in respect to giouping of children. There is little doubt that if 
pupils were allowed to arrange themselves into their own groupings tlieic 
would be a selective factor of intelligence involved, that is, they would 
tend to select children of their own mental level Conveiscly, one would 
expect that when children were sectioned according to mental age they 
would tend to be belter adjusted to the school situation than would be the 
case if they were expected to make an adjustment in a heteiogeneous group 
in respect to mental ability. 


Summary 

1 Many studies have shown the tendency for children to select other 
children of like mental, social, and moral development for their friends 

2 The present study shows that when adolescent boys aie pcimittcd 
to select their own groups in summer camp there is n distinct tendency for 
them to (fl) select bays of their own chronological age and {b) to select 
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from their own chronological ages those hoys of a like mental age 
3 Boys reporting other boys as their best filends during the summer 
tend to list boys who arc nenrci to them In mental age than m chronological 
age 
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Norman L, Munn An Inhoduction o Animal Psychology The Be¬ 
havior of the Rat Boston Houghton Mi film, 1933* Pp xxii+439 

Munn has wiitten a text which is n woithy successor to Watson's classic 
Bchavioi An Introduction to Comparative Psychology of 191*1- The ac¬ 
curacy and thoioughncss of the book, its very clcai and economical stylcj 
the profusion of well-chosen illustrations, and the extensive bibliographies 
combine to make this book a well-nigh indispensable Lcol foi rcseaich 
woikcrs in this field and an unusually satisfactory text 
As the subtitle of the book indicates, the discussion is icstrictcd, except 
for a very few incidental iefeicnees, to studies of the behavior of the 
rat This limitation of the book is, howevei, one of its sources of strength, 
whether the book be viewed from the rcseaich worker’s standpoint or from 
the standpoint of a teacher The book is coherent and fiec fiom confusion 
to a degree which could hardly have been attained if the whole range 
of animal psychology had been covered Psychological literature on the 
rat is, of course, extensive, and only the restriction of this book to this 
one animal has permitted the presentation of this literatuie in n usable, 
rather than in a compendium, manner, Furthcimoic, as this hook proves, 
the literatuie on the rat haa been quite well-ioundcd (except, perhaps, 
with regard to field studies of the rat in wild life, which might prove, 
judging from anecdotal material, a rather fertile field and a rather sug¬ 
gestive background for experimental studies) Of course, tat psychology 
is not comparative psychology, but the advantages of this book are so 
maiked that it seems fortunate that the author chose the plan lie did. It 
would be most desirable for some psychologist (either Munn or someone 
else who will work with equal cme) to provide a companion volume on 
"The Behavior of Animals Other Than the Rat”, but whether or not 
this is done, the present volume will probably remain one of the important 
psychological texts for some time to come 

A brief sketch of the contents will indicate, jn part, how comprehensive 
the book is The first of the seven chapters deals with unlearned behavior. 
The four divisions of this chapter deal with fetal behavior, non-oi icnting 
responses of young and adult animals, 1 tiopiatic behnvioi, and the mhciit- 


Tollowing Stone's practice, Munn speaks of mating, maternal hehavioi, 
etc., as examples of "congenital behavior” It is easy to sympathize with 
the desire to avoid the smoke of contiovcisy over instincts which piobably 
prompted Stone to adopt this expression, but since "congenital” has the 
well-established meaning "existing at or fiom birth,” it docs not seem to 
be the coirect term to use here as an alternative for "instinctive” 
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ancc of activity level, anvagenesa, maze-learning ability, effects of training, 
etc The second chapter Jins two sections, the first (Jen)mg with general 
activity mid its determinants, the second dealing with the relative stiength 
of various motives as measured chiefly by obstruction-box and choice-box 
metliodfi, Chapter III, on “Sensory Processes,” opens with a bucf rdsumS 
of what is known of the sense-organs of the rat, then describes and evaluates 
the various methods and apparatuses used to study sensoiy piocessrs in the 
rat, and /mall} summarizes the experimental data available on visual, audi¬ 
tory, olfactory, gustatory, cutaneous, and prapiinceptive functions. Chapter 
IV deals wilh tlic ulher particular problem of “The Role of Sensory Pro¬ 
cesses in Mn/e Behavior” This chapter opens with a discussion of the 
logic of experiments on this topic, and then presents the really notable range 
of studies that have been conducted on this pioblem, including studies of 
direction orientation and of effects of maze rotation Chapter V, on “The 
Learning Process/* is very n a tin ally tbc long chapter 1 of the book It opens 
with a discussion of methods of measuring learning and of the ieligibility of 
these methods, then bucfly considers methods of plotting learning curves, 
am! finally gives n 70-pjge summary of expciiments seeking to determine 
what factois govern /earning and retention 0 Chapter VI, on “The Nature 
and Theoretical Basis of Learning, 11 despite its prnmuly theoretical pur¬ 
pose, docs include a very considerable amount of expeiimental materia) not 
covered elsewhere in the book Three general intcrpicCations of learning 
arc considcicd—exercise and effect theories, configurational theories, and 
conditioned-response theoiy The third of these is defended as the most 
satisfactory, Chapter VU, on “Symbolic Fioccssts” (one wonders why 
this chaptei did not precede, i ather than follow, Chapter VI), deals mainly 


^Except for this chnptci and the brief seventh chapter, ail of the chapters 
me of about equal length, 

“Despite the gcnei al thoroughness of this chaptei, one topic which it 
seems that Munn has considered in too incidental a manner is the topic 
of what factors determine the relative difficulty of different mazes and of 
the different elements withm any given maze Inasmuch as mazes are 
used so extensively, tins topic is one of obviously great methodological 
significance Mast of the material on tins topic is tecent (and some of the 
important parts of it still unpublished), but tlieie is leally some valuable 
material available on this matter If one combines the principles of (1) 
direction orientation, (2) goal giadient (ts regards erroi elimination), 
(3) nnticipatoiy cirors—ie, particularly, the tendency to make, earlier in 
n mn, the last turn lequircd before food is reached (Hull, Spence—also 
forthcoming woik by Bucl), and (+) foiwaid-going tendency (Da&hiell and 
Bnyroff) or ccntufugal swing (Schncirln, Ballaclicy and Kiechevsky—also 
forthcoming woik by BaJInchcy), there is really the basis for a discussion 
of prime importance in this chapter Ilowevci, Munn mentions the third 
and fouitli of these only incidcntally (p 337 and p 196), anti the first two 
me discussed only as bearing pninariiy on other problems (see pp 193-197 
and 335-339). 
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with delnycd reaction, multiple choice, and double-alternation tempoial- 
maze experiments The first and third of these tiuce methods are inter¬ 
preted by Munn as valid means of testing for symbolic piocesses 
Two extensive bibliographies conclude the book The first, which gives 
about 300 references to studies of animals other than the rat, is classified 
roughly in accordance with the outline of the book, except for a fiisl section 
on “general treatises’ 1 and a final section on “social bchnvioi/ 1 The second 
bibhogiaphy contains 670 references on the behavior of the rat, including 
references up to August, 1932, and is ananged alphabetically by nuthois> 
The book is well indexed, both as regards authors and subjects, 

In addition to the excellent features of the book already mentioned, one 
further one particularly deserves mention—namely, that the book is defi¬ 
nitely critical and evaluative, rather than being n colorless summary of 
one study after another, Nevertheless, Munn prescives n very fail and 
impartial nir in the discussion of the many controversial subjects, both large 
and small, with which the book deals Munn does indicate what his opinions 
are, and in some cases they are opinions that will not be shared by all 
workers in the field, but his whole discussion of such matters is judicial 
rather than partisan 

On the matter of nccuracy, also, the book is an excellent piece of work 
A very few scattered errors aic to be found, but in a book covering such 
a vast range of experimental data it would be aurpusing if there were none 
* * » * * 

The remainder of this review, despite the fact that the contents of the 
book have been indicated only rather grossly, and despite the fact that 
the good qualities of the book have been indicated only in very abstract 
terms, will be devoted to several adverse criticisms, particularly of Chapter 
VI, Inasmuch as this book almost certainly will receive extensive use be¬ 
cause of its decided excellence ns a text and reference work, it seems to 
the reviewer all the moie important to criticize carefully the few scattered 
features in which the book is Onsatisfactoiy, 

The fust adverse criticism is a minor one, and moi cover is a criticism 
not so much of this book as of a general usage in psychological publica¬ 
tions In the text proper, Munn has followed the practice of referring to 
souiccs by citing in each case the author’s name and the bibliographical 
number This practice is of couise supenor to citing the bibliographical 
numbers alone, but it is annoyingly inferior to the practice of citing refer 
ences by anthoi and year of publication [as, “Small (1899)“ or “Small 
(’99)**] Especially in a work like this, covering such a span of years, 
one is forced to turn to the bibhogiaphy time after time meicly foi the 
dates of publication of various studies, so that one can place them m their 
proper historical setting Where the other system of reference is used, this 
information is given ducctly in the text with no increase m space, greatly 
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to the aid of the reader, nnd greatly to the convenience of the author m the 
preparation of his manuscript. The continued use of the conventional sys¬ 
tem of refeience by psychologists has no othei justification than the very 
weighty icason, f, u always has been done “ 

A second objectionable fcotuic of the book ia that the discussion of many 
studies is closed with a comment to the effect that the differences found 
were or were not "statistically significant,” much ns though the proper 
climax of an expci imcnl was the determination of critical tatios Of course, 
the responsibility for this fentme of the book doe 9 not rest primarily on 
Munn, for such a conclusion is the only goal that many animal studies have 
reached or even attempted to reach, and where the original author attempted 
further to calculate the relative significance jor behavior of the factois 
sfudiedi as Tryon has done, Minin has availed himself of this material It 
would have been very desirable, however, for Munn, somewhere in the 
book, to have indicated the nmvetd of the view that the end and purpose 
of psychological experiments is to find reliable differences, and to have 
stressed that, instead, the reliabilities of averages, differences, etc,, are 

merely tools Someone has remarked, perhaps somewhat unjustly, that con¬ 

tinental psychologists, never having heard of statistics, thiow up their hands 
and give thanks whenever they find a difference We in this country have 
become a bit more sophisticated mid lift our arms in jubilation whenever 
we find reliable differences. We need to advance at least one step further 
and regard a study as adequate only when it has succeeded in determining, 
ns one might say, the extra'Statistical significance of its measures—le, only 
when it has succeeded In discovering the relative importance of the various 
fnctois that dctciminc behavior in the given type of situation 

The most Important criticisms demanded by the book, however, concern 

the inteipretation of learning given in Chapter VI. This is the one portion 
of the book which falls appreciably and seriously below the general level 
of the book This chapter is n curious mixture, however On the one hand, 
it ■Hirnirmitzes in quite an able wa> a large range of experiments showing 
that tats icam to select spatially and temporally shortest routes, that rate 
of error elimination is conditioned by the sort of motivation and the appro¬ 
priateness of incentive used, that rat9 can make ceitam readjustments of 
response not derived ns such from their past experience, that -frequency 
docs not necessarily produce learning, etc On the other hand, however, 
Munn waves aside all of this material as of relatively slight interest for 
the problem of the nature of learning, and builds up, instead, an interpreta¬ 
tion of rat learning in terms of conditioning, even though he cites virtually 
no diiectly relevant material supporting such an interpjetation It is this 
theoretical phase of Minin’s discussion which will be considered in the re¬ 
mainder of tins interview. 

Five main principles form the basis of Munn's interpretation of learning- 
They are 
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l. Most of the theories which attempt to explain learning in the rnt are 
defective because, rather than being explanations, they nre merely descrip¬ 
tions of the learning activity and of the conditions thcicof, and because, 
rather than explain, they often serve merely to blur the experimental facta 
themselves (Thus, see pp. 302-303, 309-310, and 339.) 

2 The only really satisfactoiy explanation of learning would be an 
explanation in terms of the neural processes involved, (See pp 302-303, 
310 ) 

3 ", . , learning may be described ns the elimination of ill-adapted acts 
and the fixation of adaptive nets" (p. 352)—ic, learning is the building 
up of a mosaic from fragments or particles of behavior present in earlier 
trials 

4 To account for this selection and elimination, “The conditioned re¬ 
sponse theory of learning, despite its apparent simplicity and its other 
defects, is probably the most adequate yet offered" (p 352, see also pp. 
346-351) 

5, Learning may be defined only in terms of the directly observable 
changes in peiformnnce—learning is the immediately-wsible changing of the 
performance of the animal (This piinciple is expieased, not so much by 
explicit statement—though sec pp 314-315, 331, and 352—as by the fact 
that, though Munn presents rather completely the experiments on latent 
learning and expresses no objections to the techniques employed therein, he 
does not utilize the interpretation of learning which these experiments sug¬ 
gest) 

In order to evaluate these principles, it may prove helpful to cxnmine 
first the question of what is meant by explanation, since a lot of Munn’s 
statements seem to result from the fact that, apparently, he rcgaids "descrip¬ 
tion” and "explanation" as being two entirely different things, Description, 
he seems to believe, is achieved much more easily than explanation, but is 
not nearly as valuable; generality is desirable in explanations, but in de¬ 
scription the use of generalized teims is a mattei of using "blanket teim9" 
that "hide the observable facts themselves”; etc 

When we sciutinizc this pioblern of the nature of explanation and of 
description, wliat we discover does not harmonize at all with Munn’s dis¬ 
cussion Description does not prove to be one thing and explanation some¬ 
thing else, hut rather, as countless writers have pointed out, explanation 
is description, and nothing but descnption Or, to express the matter moie 
adequately, the explanation of a given phenomenon is merely the dcsciip- 
tion, as exactly as possible, of the conditions essential for its occurrence 
In ordei for an explanation to be satisfactoiy, three things nre nccessmy 
(1) the description should include all of the conditions which nre essential 
foi the occuircnce of the phenomenon in question; (2) the description should 
not include any items which are merely incidental, and not in themselves 
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essential, and (3) the description should be given in as generalized a form 
as possible. 

Now, since the conditions neccssniy for n given type of psychological 
activity may (some day) he specified fairly completely by descriptions of 
the immediate situation, past Uaimng, etc,, rcqiuicd to pioducc that activity, 
U is obvious that fairly adequate explanation is possible in psychology with¬ 
out resort to neurological tcims, As n matter of tact, if we knew, for 
example, what neural patterns were present in complex human thought, 
and were not able to tie sen be the training conditions required to develop 
those habits of thought, we would then have but n very pool explanation 
of thinking, for we would have but a very incomplete desciiption of the 
conditions essential for the production of the phenomenon in question. The 
same would hold true for the many problems in animal learning It may 
be seen, theicforc, that the only difference that might exist between explana¬ 
tions involving ncmal terms and those not involving neural terms would 
he a diffeicnce of degzee, since if we had techniques for identifying the 
ncivous processes involved in different types of behavior we might be able 
to work out a more exact specification ot the conditions necessary for the 
pioduclion of pnrticulni nets But Ihcic does not exist any more funda¬ 
mental distinction between ordinmy psychological explanation and explana¬ 
tion in neural tcims Accoidingly, the first objection to Mvnn's discussion 
of learning is that theic is no reasonable basis for the exclusive "explana¬ 
tory" significance which he attributes to our clrcamcd-of explanations of 
learning in terms of the ncuial processes involved 

The second objection to Munn’s interpretation of learning concerns the 
high value which he assigns to the conditioned-response theory The basis 
feu this abjection rnny best be indicated by reference to the above discussion 
of the natuic of explanation ft may readily be seen that, of the three 
requisites of satisfactory explanation, as outlined above, the least funda¬ 
mental is the tlmd, impoitant and deniable though it is, For, obviously, 
if an explanation does not indicate correctly what conditions are essential 
and what conditions ate non-essential for the production of a certain result, 
it docs not matter what degree of generality the explanation has Nothing 
is to be gained, and eveiythmg may be lost, by seeking for generality at 
the cost of either the first or the second 1 equipments of explanations. 

Now, admittedly, explanations of learning in tei ms of conditioning 4 do 

*A distinction needs to he drawn between two lather divergent tendencies 
in the utilization of the concepts of conditioning. According to one tendenej', 
the main intciest centers ill the question of whether the relatively specific 
concepts of conditioning (ns initial gencjnlization, experimental extinction, 
spontaneous iccoveiy", disinlnbitiori, etc) hold tiue for s broader field of 
learning than we now have evidence is the case The other tendency, of 
which Minin’*? statements me representative, places the emphasis merely 
upon the bioad pnmaiy principle of conditioning—that when a novel stim- 
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hnvc the characteristic of generality However, on other scores the ex¬ 
planation of learning by the conditioned-response theory is not very satis¬ 
factory, In general, these three objections hold, m the ordei of their 
increasing importance. (1) Doth the development and the functioning of 
conditioned responses are, in part, a function of the motivation present in 
the animal at the timC| but, although workers on conditioning employ tins 
principle in their experimental work, they do not include it vciy explicitly 
in their formulations of the laws of conditioning, and do not make it the 
object of any particular research (2) As the work of Wcvci and of 
Warner shows, the conditioning formula predicts a result different from 
that which actually occurs in some learning situations—in some situations 
the joint presentation of a conditioning and of a novel stimulus finally 
causes the novel stimulus, when presented alone, to Call out a response quite 
different in natiue from the response which the conditioning stimulus itself 
had evoked. (3) The conditioned-response theory does not specify nt all 
exactly the conditions which are necessary to produce learning For, though 
in one conditioning situation hundreds of repetitions are required to pro¬ 
duce the conditioning, and in other conditioning situations merely one or 
two trials suffice, the conditioned-response concepts provide no specifications 
of the conditions under which the one or the other of theBe results may lie 
anticipated. If the conditioned-response theory were an adequate interpre¬ 
tation of maze learning, discrimination learning, etc,, it should provide the 
basis for predicting what mazes and what discrimination set-ups will be 
difficult and what ones easy for the rats to learn; etc Clearly, since the 
conditioned-response theory does not afford a basis for such predictions, it 
is a very incomplete description of the conditions necessary for learning, 
or ehc determinism is a myth 

Bcfoic accepting the conditioned-response theory of learning, it seems 
desirable, therefore, to ask whether there are any other theories which 
provide a basis for more exact predictions To the revicwei it seems that 
there are several theories which individually have their advantages over 
the conditioned-response theory, and a combination of the advantages of 
all of these systems would seem to provide a considerably better interpreta¬ 
tion. First of all, in comparison with conditioning, association has the ad¬ 
vantage that it gives a somewhat more exact statement of the necessary 
conditions for learning in its principle (mentioned incidentally by Munn, 
quoting Hunter) that it is not merely the joint presentation of stimuli that 
causes association between them, but it is the joint experiencing of them 

ulus repeatedly is presented in close tempoial juxtaposition with the bio¬ 
logically adequate stimulus foi a response, the novel stimulus will eventually 
acquuc the power to evoke the same response. What Is being criticized 
here is the tendency to place n high value upon this broad primaiy pnnclple 
of conditioning. 
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But association doctrine also is inadequate in that it provides only a very 
inadequate framework for discovering why certain things vrill be experi¬ 
enced together and other things not Gestalt psychology has improved on 
association theory by its development of a set of concepts that furnish the 
framework for further specifying the conditions which determine the ease 
with which learning occurs in diffcient situations 9 Other improvements 
on association theory have been made by Tolman, both in his studies of 
how the factor of motivation enters into the learning process and in his 
more generated concept of learning an a matter of the foimatum of “sign- 
gcstalt-expectations ,J Or, somewhat similar to the latter is the redintegra¬ 
tion notion of Holhngworth Either of these concepts has in it all of the 
positive materinl which the conditioned-response formula contains, and they 
are free also from the inaccuracies and some of the limitations of the latter 
Both concepts imply that the animal's lesponse is not mediated by any 
lather mechanical bond between stimulus and response, but suggest rather 
that, after learning, the reaction that will be made will be a reaction to 
the redmtegi ated representation of the original situation plus, or fused <unth> 
the representation of the present situation Thus, they are not inconsistent 
With such findings as those of Wcver and Warner 

It is very odd that Munn should discard Tolman’s concepts as “blanket 
terms 0 that "hide the descnbable facts themselves 0 (p 309), and accept 
an interpretation of learning as conditioning instead* A9 a matter of fact, 
Tolman's more elaborate specifications of the mechanisms and principles 
of learning furnish a fai more specific description of the conditions of 
behavior than does Munn's description of learning a9 conditioning But, 
despite the fact that Tolman's terms are of more restricted generality, and 
even though, according to Munn’s statement, they summarize actual expert 


9 Munn dismisses the concepts of learning of Gestalt psychology merely 
with a discussion of insight in the sense of judders seeing of relations, and 
with the following more general comment’ “Some Gestalt psychologists have 
accused other psychologists of ignoring the fact that a theory of behavior 
must take cognizance of the integrative aspects of the animal's nervous 
system and of the environment That this accusation is not well-founded 
can be ascertained from the above discussion 0 (p 344), However, the 
“above discussions*’ do not seem to me to bear on the point, Apparently 
Munn is thinking of integiative effects in terms of correlations between 
stimuli and j espouses and in terms of associations established by training. 
However, the Gestalt psychologists have never objected to the view that, 
as a consequence of learning, the nervous system can function integratively 
even with utterly nonsense materials Rather, their point is that, as a 
result of the ielation between environmental stimuli and the relatively 
spontaneous oi inherent organizing tendencies of the nervous system, there 
are integrative effects (equivalence of stimuli, figure and ground organiza¬ 
tion, etc ) which are relatively independent of learning, but which are 
basically important as deteiminants of transfer; of the ease or difficulty 
of the learning situation, etc 
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In conclusion, in view of the lengthy discussion which has been accorded 
the theoretical interpretations of this book, it is perhaps well to remind 
the render that only a small pan of the book has been concerned m this 
discussion, Munn's book ia not primarily an attempt to develop theoretical 
implications, but is an attempt to give an accurate, meaty, and avup-to- 
thc-mimitc«as-pomblc account of a vast range of concicte experimental 
work This task is one which Munn Iia9 accomplished in an exceedingly 
capable manner, 

Robert Leeper 

Umvemly of Chicago 
Chicago , Illinois 
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